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TM*  »am»  of  tha  utate- of- the-ert  cf  the 
deslrs  of  grouad-cravlAni,  cff-roai  vesicle*  »«i  cm- 
ducted  bv  Milaon,  Nuttall,  Xaiacrod  Engineers,  Inc.  (rail), 
uador  contract  DA  22-«79-ens- JU  with  the  U.  S. 

Ar»r  Engineer  *at«rwava  Experiment  Station  (*ES), 

It  coaprlifi  a  poriioa  of  th*  nobility  nrlroaauul 
research  study  (HERS),  tponsored  by  tha  Of  flea. 

Secretary  tf  ~t f  ,  Advanced  l»««arch 
Projects  Agency  (A1PA},  Oiractorata  of  Xenote  Area 
Conflict,  for  which  ns  la  tha  prl no  contractor, 
asd  tha  Ut  S.  A ray  Malarial  Conaand  ( AMC)  la  the 
service  agent.  Tha  fund*  eaployed  for  thla  atudy 
wara  allocated  to  RS  through  AMC ,  under  \XPA 
Order  Mo.  4C0.  The  ov*Tal!  object  of  tha  ME AS 
project  waa  to  focus  the  reaulta  of  tha  ground 
■obi llty  and  vehicle-terrain  research  of  tha  pre¬ 
ceding  20  yaata  up a*  tha  p rob  lea*  cf  rationally 
designing  and/or  selecting  propar  off-road  rehiclee 
for  nilitary  uaa  U  renote  e-eas.  particularly  in 
i  tha  tropics  and  aubtropica. 

Project  MEKS  vna  aavarol y  truncated  after  one 
""'•ar  of  a  planned  tbraa-yaar  effort,  laadlag 
iMlrectiy  to  an  unconscionable  delay  la  tha  com¬ 
pletion  ^>f  thia  report.  Althougs  tha  prUcipal 
findings  of  thla  atedy  ware  comma  i  cat  ad  earlier 
pRCSl,  lt*4,  I9ei|,*  tha  p re teat  synthesis  uaa 
net,  nar  canid  it  hare  bean. 

Tha  period  of  dolay  hna  aaan  tha  aacalatlom  of 
tha  U>  S.  re  la  in  Seertheast  Aals  from  providing 
advice  to  tha  conduct  of  artenaiva  land  warfare 
by  3.  S,  troop*.  Tha  experience  of  retail  war, 

j  #leferenee*  are  tabulated  beglaaiag  an  p,  291. 
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hov*v»r  rv note ,  has  Influenced  the  present  »rnt-.«- 
tit,  as  no  doubt  it  htt  the  concepts  of  otheri 
Intarasted  in  off-read  vehicle  prcblans.  The 
drtsati;  practical  deeom : rat  1  on  of  air-eoolle 
operations  on  the  cna  hand  and  of  tha  patent 
inadequacy  of  our  cuirent  f aai  ly  of  ground-bound 
vehicles  on  tha  othar,  has  drastically  altarad 
tha  cliaata  within  which  ground-crawling  vehicle 
problems  suit  ba  tacklad.  Tha  author  nakes  no 
apoloty  for  hit  accidental  good  fortune  in  haring 
bear,  spareo  making  Mr  addition  to  tha  coatid*  .abla 
inaccurate  speculation  already  publithad  oa  thata 
crucial  polntt,  and  on  many  others. 

Tha  conduct  of  thi*  ttudy,  which  in  fact 
continued  until  tha  present,  iavolved  tha  review 
**f  many  hundreds  of  nublithad  reports  covering  tha 
spectra  of  terrain,  vehicle,  and  operations 
features,  and  discussions  and  correspondenco  with 
••▼•tai  hundred  knowledgeable  people  around  tha 
world.  Tha  author's  appreciation  far  their 
various  contributions  and  influences  can  here  only 
acknwrledged  la  general  tarns.  However,  the 
entirely  tangible  support  end  assistance  of  MUS/VES 
project  personnel,  A.  A.  Pule,  K.  0.  Visas r,  aad 
I.  *.  Arts**,  can  be  and  are  specifically  and 
gratefully  noted. 
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ooltct  of  tMa  ituJr  it  to  cutllao  and  to 
oraiwato  :m  curroat  ittti  ef  '^-irt  of  off-read 
Tofciclo  I  p,  with  particular  rtftrtnct  to 
*illtaor  »**«iclo*  aad  to  fvolr  porfonaooca  off-road. 

A  ataro-of  -  tao-art  1 1  udr  gtaorallp  tap  Hot  i«w 
dlaaatiaf actio*  with  t'»o  otittiag  aitoatiaa,  «4 
that  ia  t.*>o  rroaoat  caao.  *e"oHi*  gly ,  a  furthar 
cfcjoct  of  t'n  atudy  1*  to  roriow  th#  g***ral  pro- 
ioduroa  br  whlcU  ■  llitar/'  rohicloa  for  off-road  uao  ara 
caacoirod  aad  aroatuallp  roaci  t^o  fiald,  aad  to 
auggoat  ■»«»,  tocMicol  aad/ or  org aaitatiooal ,  to 
ia^roro  matter*. 
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The  stste-cf * the-ert  cf  off-ro*d  Tfhiclt 
design,  in  particular  relation  to  tht  off-reed 
performance  of  military  vehicles,  is  b«sl~*21y 
sound,  although  tht  approach  to  off-road  perform¬ 
ance  has  thus  far  bttn  largely  pragmatic*  la 
racist  years  there  has  bttn  ittady  improvement  in 
tht  overall  mobility  and/or  reliability  of  all 
clasjts  of  military  off-road  vehicles. 

Rtctnt  improvement  in  the  soft  ground  aobillty 
of  tactical  trucks  has  been  substantial*  The  per¬ 
formance  of  tactical  trucks  now  ecuals  or  exceeds 
that  of  siallar  foreign  military  vehicles  and  of 
commercial  wheeled  vehicles,  excepting  only  such 
extreme  special  purpose  machines  as  marsh  buggies* 
Soma  possibilities  to  raise  soft-ground  mobility 
to  still  another  significantly  higher  level  in 
practical,  working  vahiclas  art  evident  and,  in 
part,  already  under  study* 

The  reliability  and  overall  off  road  per¬ 
formance  of  tracked  vehicles  have  also  processed 
significantly,  but  the  basic  soft~ground  mobility 
of  various  classea  has,  apparently  by  choice, 
remained  static*  A  number  of  working,  commercial 
trackad  vehicles,  some  articulated  on  various 
patterns,  have  demonstrated  possibilities  for 
signif icantly  improving  off-road  mobility,  and 
soft-ground  performance  in  particular,  beyond 
presant  military  larels  within  a  practical 
emginearing,  operational  and  economic  save  lope. 


Hore/er,  the  total  c ci t  (la  rerious  coin*,  of 
which  the  dollar  u  caly  ene)  hts  b ten  j-idged 
excessive  in  rtlitiu  to  the  rerferaancs  trstil 
recently  thought  to  be  required  of  cur  present 
tracked  vehicle  family* 


Th#  technology  cf  terrain*  vehicle  relstion- 
ihipa  •-  and  eoft-jrcund  performance  in  particu¬ 
lar  •*  hat  elucidated  the  fundamental  relations.*’!;* 
involved,  and  hai  clearly  demonstrated  that  major 
improvements  ncctmr'iy  involve  major  changes  in  vehicle 
ferm  (one  of  the  "costs"  referred  to  snore);  that 
there  arm  r<o  ckeio  answers.  The  baaic  lerel  of 
off-road  mobility  cf  a  new  vehicle  i»  accordingly 
froaeti  at  that  early  point  in  its  conception  wham 
its  overall  configuration  is  determined,  and  there 
if  little  posit ire  that  subsequent  tinkering  can 
accomplish.  Largely  for  this  reason,  use  of  the 
available  terTain-rthicle  technology  has  ben 
limited  largely  to  preliminary  concept  and  design  studies, 
where  it  is  in  fact  most  appropriate  in  the  design 
process*  Unfortunately f  the  further  basic  message 
of  the  technology,  that  the  level  of  t  vehicle’* 
ground- loading  is  indeed  the  most  important  single 
factor  ia  iti  soft -ground  operation,  iV  generally 
ignored.  ?tmw  vehicle  efttr  new  rehicle  exceeds  its 


’’designed"  empty  weight 
wither  c hen in  it*  4 


by  up  to  Sr>  percent  or  more, 

_ _  -_J> 

«*«!*.««•  itiMt.tui  |c»r  t  mmm 


with  no  p*r»oa,  orf»aixatian,  coutitt**  cr 


corns  o  rt  luu  of  couitt.cs  being  called  to  account. 


Usa  of  thn  arailsblt  calculation  aathods  is 
>uch  aarly  itifti  of  dasiga,  bat  is  so  rt spaas ib la 
•ay  '  t  re  1st  las  to  th«  fiasl  "barthesra"  product, 
has  had  too  iapar t  an  t ,  related  caasaquaacas  te  the 
research  effort. 
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ths  intrinsic  correctness  and  precision  cf 
models  end  calculation*  (as  distinct  fro*  their 
validity  la  stitutsi  relative  orders  of  merit  of 
competing  design  concepts)  Nava  not  been  subject 
to  the  starchinf  scrutiny  which  would  automat  leal  1 7 
com  with  thair  use ,  for  txxmpla,  ia  ralatioa  to 
actual,  testable  performance  specif icatica*  .  This, 
la  turn,  has  allowed  a  au mber  of  approximate 
concepts  and  incoaplata  and/or  iapracisa  model*  to 
continua  past  thair  normal  usaful  lift,  and  has  laft 
tha  engineering  rasaarch  affort  ia  a  vecuum  where 
it  is  encouraged  to  shedowbo*  with  problems  of  its 
own  invention.  Considerable  rasaarch  has  recently 
been  started  oa  vehicle  off*road  "ride,"  obstacle, 
and  vegetation  problems  which  aims  at  much  higher 
precision  than  can  reasonably  be  of  use  to  tha 
vehicle  designer.  From  a  vehicle  design  view* 
point,  a  fundamental  revaluation  of  tha  current 
soft-ground  technology,  aimed  at  validating  a 
single  sat  of  soil  values  and  vehicle-soil  models, 
is  still  needed. 

The  situation  is  not  fnndaMntal ly  a  tech* 
aical  one,  or  mm  which  should  concern  terrain- 
vehicle  researchers  only,  however.  It  is  only  one 
symptom  of  lack  of  proper  organization  and  Mthod 
la  the  overall  military  vehicle  design  system, 
from  requirements  to  release  for  production.  The 
current,  committee -ridden  process  is  characterized 
by  a  comingling  of  research  and  design,  lack  of 
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< ob  divltlca  aloat  * ouaa  profusions!  f~ 

•  1  lines,  t*.d  psrtlr  is  c  result,  lack  cf  ts*  ' 
performance  •  ?ec  1  f lea t i an* .  fa  consonance,  i 
art  ao  clser  lines  cf  responsibility  for  rsrir. 
aapacta  of  the  success  cf  the  final  product. 

Our  currant  fanllr  of  military  wahiclas  ha 
baa*  "cptinlxad"  ••  albalt  by  informal  procedures  end 
^«r  bap  a  without  full  realltatlrn  of  the  |aatrt^i( 
restrictions  implicit  -•  for  a  ccncairabl#  war  la 
Europe  or  hurth  America.  The  dlsccrerr  tr.at  It  la 
>o  far  frcai  optimal  for  ctfcor  large  araaa  which  now 

concern  u»  •  •  tho  tropics  aad  subtropics,  and  under 
developed  areas  senerallr  --  has  pracmltatr-J  c  ’rround 

nobility  crisis."  Ia  tho  bast  American  tradition, 
wo  aro  looking  for  a  rillaia,  and  paat  torraij- 
vohlclo  rasaarch  has  baan  nominated.  Tho  results 
of  tbia  rasaarch  surely  haww  their  shortcomings, 
but  they  *aee  clearly  end  consistently  shown  thsi 
off-road  nobility  is  a  function  of  basic  vehicle 
configuration  and  characteristics,  snd  that  ;npre*w 
■ant  orar  present  larols  cannot  bo  hod  witfc'/ut  signlf* 
least  readjustments  la  currently  accepted  balances 
latweea  conflicting  desires  for  other  features. 

Important  and  trivial.  These  f Ladings  closely 
parallel  the  fundamental  findings  la  ship  nod  air¬ 
craft  performance  research  ower  the  years,  toerers 
these  other  "nobility"  fields  hire  accepted  the 
implications  of  such  results,  in  relstioa  to  ground- 
crawling  nnchiaes  they  hare  been  unpalatable,  the 
research  effort  aaa  been  coadesed,  and  the  decision 
taken,  with  or  without  full  systems  analysis,  that 
ce treat  compromises  are  optiaum  for  the  situation  at  hand 
—  iaplicitly,  operations  (conventional?)  in 
developed,  temperate  leads. 
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The  criiii  atmosphere  has  fettir«4  consider¬ 
able  ncnxenae  about  ’’jpecial  purpose"  vehicles. 

This  hat  wasted  tiM  and  obscured  the 
reel  problem,  which  it  to  crt  tt  a  new  ground  vehicle 
•  jr#t#»  optiaixtd  for  a  new  range  of  s i gr»  1  f  leant  It 
f  nor*  imrt  environmental  conditions;  a  §99ond  fzmil y 

of  vehicles,  not  intended  te  s upp 1 aa t  currant  vehicles, 
or  art*  to  compete  with  them  in  their  own  araat  of  opti¬ 
mization,  bat  rtthtr  to  operate  at  aa  intagratad  lyitca 
ia  broad  araat  vhara  our  currant  fail/  it  largely 
Impotent.  If  wa  ara  ttriout  about  developing  tha 
capability  for  effective  ground  oparatio ns  in  these 
othar  araat,,  wa  must  stop  looking  for  cheap,  gadgtty 
antwars.  Va  aost  rtcognixa  that  a  collection  of  toys 
and  aisortad  special  purpose  oddities  will  not  do 
tha  j cb;  that  what  is  needed  it  a  homogeneous  second 
family  of  practical,  flexible,  reliable,  military 
quality,  working  vehicles  specifically  designed 
to  operate  where  our  present  family  will  not. 

And  if  the  basic  problem  it  as  pressing  as  the 
crisis  atmosphere  would  indicate,  wa  must  create 
the  first  generation  of  this  family  far  more  quickly 
than  we  hare  •-  by  trial  and  error  --  arrived  at 
oar  current  optimum  Turopean  family. n 

This  means  **at  design  must  begin  now,  within 
the  present  state-of-the-art,  and  with  tha  kind  of 
urgency  which  had  tha  first,  still  imperfect, 

§09cnd  serein*  of  tha  WTfll  Vaasal  in  tha  hands  of 
the  troops  within  II  months  from  the  time  the  need 
for  a  vehicle  of  this  (them)  radical  new  type  van 
first  suggested.  Present  technology  would  ade¬ 
quately  support  such  an  effort.  Present  peace-fat. 
organizational  procedural  would  sot. 

From  the  viewpoint  of  arailable  technology, 
there  would  be  little  question  of  essential  design 
'  j  priorities.  The  overriding  design  object 
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ioaicapa&Jr  v»k1J  ba  ta  gala  aa  »Hir  af  »»  p*  1  • 
iacraaia  Is  off-read  acbtlity.  Cwrrretlr  sectptaJ 
coat  Tarawa  parfsnuaca  ^mi-trta  petal *  would  all 
her*  to  ba  relocated  ta  aa  ctatirtly  aa*  laval. 
frtavat  inowladga  would  parait  a  "flr»t-cut"  at  a 
ifittai  aaslril*  to  aid  thl*  ralocatioa.  Titi,  ad 
■aay  otbor  aipacta  of  aa  Ideal  daaign  precadwra, 
would  at  this  tia*  aacssscrlly  laciwda  aaay 
"a due a tad  guataoa"  alosgalda  iadiaputabla  data  or 
■odals,  and  tha  ratultiag  firat  gaaaratlou  would 
act  b*  fully  cptlwua.  It  would,  hwavar,  ralisbly 
da  aoat  of  tha  Joba  which  aaad  doiag,  ia  Ttat 
traaa  ohara  oar  cwrrwmt  grouad-crawlLag  MchlMt 
caaaat  aow  eparsta  affactiTaly. 

Tarrain-rahlcla,  aaTlroaaaatal,  tad  oparstloasl 
rasaarefc  rasolta  would  all  play  thair  part  ia  inch 
a  davalopaaat,  but  claarly  ooaa  could  proraetly 
aaarar  all  tha  quaatiows  that  would  wxat  aaawara. 

Howavar,  haviag  coca  oars  triad  tha  right  qoajtioua 
within  tha  fraarwork  of  a  rati  tad  pres* lag  proa* 
laa,  and  tobtaquantly  how dad  bp  "fuadback"  f rou 
wforaaaaa  fiald  arprritmea* ,  all  ralatad  raaaarch 
of  forts  would  tharaaftar,  sad  a  loot  i  automatically, 
ba  put  tzper  valid,  fruitful  paths,  sluing  toward 
a  truly  scimtific  syataua  aaslyais  for  tha  tart 
accwrata  optimiiatioa  of  a  furtiar  gawa ratio*  which 
would  iaavitably  follow. 

Tha  Mcoad  f sally  quastlo*  matwiihjtawdiag,  tha 
cutraat  atata*af-tha*art  af  daalgu  af  ailitary  vahlcla* 
is  fmdaaaataily  witUit  la  tha  aaaadaftmg  trtaaixatioaal 
pracaas  by  which  a  fiald  rtfilnant  aewatually 


bacoaaa  a  Tthldi  riodf  for  p redact  lea.  T>  1  a 
altuttioo  arista  whether  or  aot  the  problem  is  ta 
develop  a  •**  “lecoai  fsailr*  of  vesicles,  tM  uit 
geaerstioa  of  the  corrtat  Luropeie  faailv,  or  a 
sia|2s  apoclal  aecbiae.  la  everr  (lit,  it rtijtiw 
iaf  till  procedure  la  atioatlal  to  tlaelp  progress, 
ladoflii  U«  accelerated  geaeraties  of  rallf, 
respooalbla  tarrala-vohlcla  research  roaolta. 

la  rolatioa  to  growad-crawliag  vvhiclas,  the 
objects  of  tap  altoratiea  to  promt  design  «aJ 
develcpoaat  procedures  out  bo  to  radoce  tbs  tlso 
repaired  to  rtipaof  to  a  valid  fltld  ntairwat, 
sad  to  latoro  that  tho  hardware  do lira rod  does 
la do ad  aoot  It.  Esaeatlal  aloaoata  ia  a  wertiag 
spstae,  lack.^s  la  tho  proaoat  procaaa.  art 

1)  claar  aoparatioa  of  ro  to  arch  u4  dova  lop- 
soot  activities  free  tho  "regal reseats*  dssiga 
liao;  l.o.t  a  voblc la  dovoiopaoat  ahoold  aot 
bo  altrtaln  la  this  1  Lao  oalaia  tho  caoolate 
regui reseat,  prop* rip  stated  la  v»aatl- 

tat 1 to  oaglaooriag  taros,  la  w l this  csrroat 
aod  realistically  projactad  tockaologp; 

2)  dlrlaloo  of  tho  work  of  tho  regol reseats 
liao  aloag  seoad  prefoasioaal  sad  fxetlotl 
liao a  with  doflaahla  latarfacss;  i.a., 
oporatlooal  aaalpatt  ahoold  aot  design 
vehiclss,  dosiga  oagiaoors  ahoold  aot  hart 
to  hoc a—  geographers,  ate.;  aod 

5}  aaaigaaoat  of  doflaahla  responsibility 
to  oach  fMctlaod  greop  with  aoaas  to 
•esiaate  oach  groop'a  porforaoaro. 


A 


CHe  staple  ictRvMt  ttrt  orfta  i  tstt  enel 
schta*  «Mch  *xjSt  Mit  the  btsic  rtsvt  rt  nea  1 1  it 
dtsirsnea  herein  la  fltMStil  f*m  (Fig  17).  It  ill.** 
tratfi  a  natural  re  1 « t i onship  in  reticle  <W re 1  apnea  i 
batitta  Jeslgn  for  requi  reoent*  ,  tt  r»  sin -pe  r  fo  mnnce 
*13  and  "idet  vehicles*"  end  ccnconent  dore  1  opnent # 
an 4  prspoie#  «  cleer  division  of  rot poasibl  1  itf  along 
functional  and  professional  Ums.  It  would  net 
rt^tttra  a  snooping  rttrfani tatlcn  of  tho  Anr r,  or  of 
its  general  dare lop neat  procedures*  tether*  V%m  pro* 
posed  schene  closely  watches  tha  carremt  Amy  MD 
or fan! rat  ion.  It  envisions  only  certain  linple  feat 
fundamental  chan  fat  to  assign  claar  responsibilities 
to  various  organ! tat loaal  elements,  and  in  t So 
process  to  Unit  tho  baleful  influence  of  inter- 
organ!  rational  connittaa  i  responsibility * 

Tha  first  dirlsloa  proposed  Is  te  flics  rtifwl 
hillty  for  qUSBtitatlT.,  fOSCt  ioftsl  T*hlclt  SP^ifl- 
cations  (only)  owtlroly  with  aa  oy.ratl.nal  aaalysis 
imp  (paraape  wiinii  Css^st  DfTflefsnt  C coaaa il  i CDC ' ) 

■Is,  la  ralatioa  to  off -road  parforaaact,  mil  bo  r»f»iri4 
to  provlds,  and  ha  accoaatahla  for  tb.  adaqaacy  of, 
tost  mb la  off-road  porforaaaca  spocificatioaa.  la 
tba  off-road  dot  if*  coataxt,  all  oariroaaratal 
rasaarcb  woo Id  accordingly  bacon  of  latarost 
primarily  to  this  grow? .  This  troop  wow Id  ala.  b« 
charged  with  sattlag  forth  a  mimimam  sat  of  daalga 
canatralntn  from  othar  corns  Ida  rat  loos  la 
fora  owly. 

Tha  roblcla  Italtpastt  agtacy,  Aray  Mat  mil  Caaaaad 
(AMC),  wow Id  hat.  sola  toapoaaihilltf  far  •oati-g  la  aa 
sytlaa  aachaalcal  coafigaratiaa  U*  t.stahl.  porforaaaca 
•pad  ficstioaa  with  la  tha  glass  cams  tr  si  at a,  ar 
far  rwjectisg  tha  jafc  at  tha  awtset  as  hryaad 
carrsat  technology.  Tf rrais-Twhicla  rosaarch 


would  accord  t  a*  1/  b*  ct*i«tU4  larfoly  ia  support 
of  t Sc  atchaaical  dtilja  tffor:. 

Off*r»ad  perforseaco  tratln*  »mU  bo  cos* 
due  tad  at  two  distinct  Irvols,  ax  a**  (Tist  aad 
tral  oatinn  feuoend  [TZCCH] ) .  Tho  fl»st  would  bo 
conducted  tatirtlr  ia  rtlatloa  to  t ha  testable 
par  fora* act  snec i f icatlons ,  aad  would  dtttrsiao 
wkothtr  ar  Mt  tboao  had  beta  aat  by  tho  daalta 
aiaccy.  That#  taata  would  ewtosat leal  1*  chock  the 
vallditr  and  accuracy  of  the  ttrrela'wthlclo  rola- 
tiomhips  aitd  la  tha  deetra»  If  tka  first  row  ad  of 
taata  akowod  tka  roklclo  to  bo  satisfactory ,  it 
would  procood  to  otbor  oaflaoariaf  toots  of  primary 
iapertaaco  aad  to  fiold  toata  ••  cleup  oil*  *k« 
epwr*  t  !#«.« t  dottriao  within  wfciak  111  ttttebie 
ptr/oroontt  ipiiifiialini  waeo  easeciaed.  Tkt 
fltld  tttta  would  ba  coadoctad  accordiaf  to  tka 
tapportln*  doctriso  aad  would  dtttrsiao  whothor  or 
aot  tko  aohfolo  cad  dawtrin*  aat  tha  original 
fractional  roqolrosoat.  Ia  tka  procats,  the  fltld 
taata  would  ckack  the  validity  tad  accuracy  of  tho 
terrain  aad  operational  oedela  used. 

tack  •  « rates  could  bo  orpoctod  to  prrrido 
ftator  aad  were  rosposaiblo  rosposso  to  saay  fiold 
rtquirtsesta  for  vshiclaa  by  a  ope  rat  la*  MO  fros 
tko  specific  regslrosesta  doalga  llae,  aad  by 
oatabllshiat  guastitatlre  specif lcatiese  walck 
Halt  the  power  of  acres  a -the -beard  cesaittecs  of 
tkti|lc|  poraosaol  to  saddle  constantly  with  the 
work  la  profroaa.  It  wow id  alao  forco  tbo 
supporting  rttstrth  os  operation* ,  os  torrala- 
vefclcla  rslatiosships,  asd  es  tha  mrlruawt, 
to  operate  La  roal  tins  os  real  probiosa  aad  to 
c«o  op  with  real  miwm. 
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I*  t*N*  t  %9T%  WCf  **t  IS ,  30j^f 

•  M#ct  c?  K?2S  trur  v«i  t?  p ; ;  ;  !5p'S^f , 

AKiiary  *xi#*<t,  o*re  tHA*  i»re*if  ftif » 

of  rtmrc^  j*  ground  ao*IU;r  ttmu  *rttua 
i9tiri(ti»t  Ut9  t  ?ii!if  Chilli 

t#  *14  t\#  ▼tfci~]0  l 3  4«Ai,«|  rctia«Hr 

»*th  tho  ciZ-roai  ****fer?M*co  of  a  itt  vtslcia  *>i*% 
it  it  Attn  i*  i.t  foruUr*  itifti.  la?****? 

^l*c#4  ;*^ro  tt#  order  of  off-ro*4  prolii* j  ca- 
eromtsro^  is  >**ta#aAt  A*ie  fckiri,  -uito  t  \npiy  t  t^r 
Standard  f  ~r«^f*f:rr*Ila|  oilitarr  vehicles  had  hj 
tm  £ <xo4  ittttr^IlT  issa*^*/;«  *o  prorl  t*  t^i 
I r^ind  ftofcliitf  required  for  tVo  k#nd  of  o?*rstio*» 
our  ground  forces  voeild  2  i k •  to  contact.  TV«  protest 
trslustloa  of  tho  s t at s^of • tho~art  was  oa4o  eithis 
tkit  cMtfit. 

Thro#  *0tloa*  ^i4u«ntil  t»  this  ttwdj  rt^ilrf 
hrUf  tlacUaUro  At  tho  eotstt:  iroailitr^ 

"•▼•lust i m  of  th#  stti#«of~t tr# * i/t ,r  u4  "tit 
whirl#  dtslgitor." 


Ground  Mokiliti 


Kakilitp  is  t  ^malit/  of  •  rthicit  is  a  giro* 
torrcla  litutiti,  Q0t  of  thu  terrain  par  #«  (o/# 
Crahaa,  11*1],  Tha  first  tp>«cifle  r«Mircil  m  off - 
road  vtfclclo  porfornoMo  bog**  torlif  Wtl,  it  frro 
rot  of  tko  rope it #4  •htfiiai*  of  ni li ter/  rohielts 
la  Italy &  HortWro  Intofo »  tfca  FacKIc  IslaauU  •  •  La 
fttt  tlmrot  a rorprhoro  ormmd  th*  gloha  vhirt  thoro 
roro  rckifUtt  Thit  van  a  firtt*tri«r  pr*hla*  of 
▼ait  trocars*  I rorofcaro  during  its  «a*l/  itiftt , 
troth  «a  this  prafela*  la  uU  crootrp  cm  to  ha 
t*n*a4  "rotilitr  r-sfartA/  la  tbs  crotait  of  this 
rosoardi  a  dafa  •grroa 4  aafcilit/"  accordingly 
housr  i/aro/aroa  with  its  a&UU/  ta  aagatUta  aai 
ro4  ta  tiwi  mh  Thit  Uai ta4  tsits 
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fvaorsll?  partial#  ts  ti*«  pratre?,  albalt  la  Ul pur 
cwalivatira  fora,  it>  TICOW  \**t  pr*c#4«r*a  {#/,  TcC? 

15S7}  »xi  la  Arap  'tM-MiUMtifi  Coat*/  M4  apac if icat iaaa 
for  *•»  vohtcloa  {*/.  »EP1?  mij, 

kUtr  bagsa  coaplKat  ta|  uttin  who*,  qaita 
1  Jfbtir ,  ba  azp»*i»4  t ha  tarn  to  inci*4a  farth** 
laptrtaat  tloivats  t(  X**z  apaetrea  of  paasltla 
nkiclfttmia  r*iatl*&*aips  •  *  traas  *«  L11U 
mi  laaps  k4  bn*,  a  ■•  -  *4  prapaaa4  la  raletiaa  to 
gran  4  rafciclaa  that,  caactotosllp  at  lorn,  tha 
araraja  a  pa*  4  of  t  rahicla  ia  a  glroa  t«rr«lt  «M 
tha  prupar  aaaaara  of  Ita  ao*llltr  la  that  tarraia 
(Johaaoo  et  al.,  19  S 1 } •  This  eoacapt  • u  ah art  Ip 
rafla*4  to  lacorporata  tha  rraraga  «paa4  "fra*  A  ta 
)**  bas*4  opaa  tha  atrai|ht  1  laa  41ataaca  batwaaa  A 
9b4  B  r*|ar41oaa  of  tha  actaal  path  aacraaarllp 
takaa  bp  tha  vahlela  flraaha,  1914).  Is  tha  past 
f«v  paart  tha  aslf*4sacrlptira  aslllrg  tara, 
*apaa4*aa4a-»goa4,"  *u  haaa  appll#4  ta  tha  lattar 
cpaa4  (#/»  Jrahaa,  19*1). 

Mara  gaaara.  allltarp  parlaaca,  haaaaar, 
aa*  1  pt  a  hraa4ar  aoaalag  to  *aobilitr,"  tpplpiag 
it  as  oftas  ta  aa'.ira  allltarp  wits  as  ta  a  alagla 
gro— 4- crawl  lag  rthielt.  Also,  aa  part  af  tha 
faailiar  allltarp  trinrrlrata  "f  Irapaaar,  araor, 
aa4  aabllitp,*  far  auapla,  it  has  a  laagar  hlstarp. 

This  hroadar,  oldar  aaaalag  gaaaral'.p  ralataa  aar* 

41  rtctlp  ta  41ctiaaarp  dafiaitioas  for  aahllitp 
which,  scat  ascciactlp,  hall  4«n  to  •aaaaahlnasa* 

(fa<  tail's  Itn4ar4  Matiwirf  a/  tha  YsgUa* 
laafM|«,  19S1) .  It  iaralras  hath  salf  prapallW 
Mi  asslstai  aotiaa  of  saythlag  fm  a  alegla 
•aliiir  ta  a  iirlilM  ar  sin  with  ell  Its  a*»‘p- 
aaat .  lhraa  la  ralatin  ta  tha  sisgla  rahlcla, 
this  Mobility  tacoapassaa  hath  "astanhilltp"  «4 
•pasaiva  Mobility"  [lya4a,  1*11]. 
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lacaat  roars  ha?a  a  flood  of  furtnar 

dafialt'oas  of  rarrlag  Scopa:  *061111? 

1$  tha  taint?  to  cpartta  la  t  >.a  of f-road  ta^lron* 
••at  of  a  ailitsry  rahicia  (listaoff,  1962]; 
aahilitr  ti  «  Mtturi  of  a  athicla#s  ability  to 
travarsa,  uadar  it*  ov*  power,  tha  tariaty  of 
torraia  coaditloa*  froad  cm  too  acrth't  turfaca  la 
a  aialmus  1 1  Mr  a »4  yo*  tOSUi*  viptiit  of  accomplish* 
lag  ita  sUtioa  (lisrhaff,  1164};  it  is  tha  capa* 
Mlitr  to  aora  (rati?  o?tr  tha  S'jrfaca  of  tha  aarth 
and  uot  ba  t  topped  by  attars?  or  aaa- atda  chstaelat, 
with  tdaqusta  tractto*  and  grouod  claartuca  to 
aasara  ralattTtly  fra#  tomtit  through  mud  and 
•oft  jrouad  (Psrkar,  1941};  tlta  capability  to 
tranru  all  typos  of  roads  sad  *d?orsa  ttrrain  to 
tha  itiiu  practicable  dagraa  coaiistaat  with 
•thar  of  tha  specified  rehicte  ra^uireaaats  (Jt£PD 
42*22,  1962);  tha  coapatamca  of  a  vehicle  to  par* 
form  ita  aitsioa  at  measured  by  its  bast  araraft 
•pa ad  orar  ?  routa  representative  of  tha  tarraia 
where  it  will  operate  (AMCP  706-3SS,  1242);  mobility 
lc  movement  faatar  than  tha  a  navy  at  a»y  glram  t  laa 
with  aat  rasult  of  tha  tofantt  being  detrimental 
t#  tha  aaaay  (Holla day,  194SJ;  mobility  of  a  vehicle* 
mounted  weapon  system  is  its  sbility  in  tiaa  and 
specs  "to  concentrate,  to  envelop,  to  deny  •  . 

[hie#  sod  Hatch,  1966)*  That's  what  aobility  is* 
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!■  ictober  19*4,  deapalriag  to  achieve  a 
quantitative  engineering  definitioa,  Bekker  pro- 
pe*«a  that  the  word  "nobilitv"  be  *tnick  fro* 
tho  terrain-vehicle  lexica*  (takker,  19*4].  And 
■  ono  loo  s ooo ,  for  a  full  sesaloa  of  th«  January 
1365  5 A£  Congress  was  devoted  to  "Motility  of 
Terrain-Vehicle  Sys tarns,"  a  tltla  suggesting  a 
truly  daring  now  concept,  but  which  was  la  fact 

*  •••aioglaas  aalaagw  of  curraatly  faakieaable 

vsrds  I 5AE , 

Dasplta  lakkar's  Ingenuous  suggestion,  tha 
tar*  "uobility,"  and  aore  specifically  "ground 
•obility,"  will  be  usad  fro*  tlaa  ta  tins  herein, 
la  context  of  Bekker's  speed- made- good  concept, 
but  generally  wltbout  any  attaapt  at  actual  quant  i- 
ficatlaa.  It  will  ilit  ba  usad  la  saif- 
explanatory  coabinad  fora;  i.e.,  soft  *  ground 
aobillty,  sand  nobility,  ate.,  to  express  liaitad 
••pacts  of  a  rahicla’j  overall  off-.csd  parforasaca 
potantial .  It  is  still  a  useful  word* 


i 
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of  t\s 

Tha  s tata-Qf*tha*»rt  of  das ign  for  off-read 
parfcraanct  Mf  be  evaluated  La  tiras  of  the 
extent,  Til i  d  i  t  y  ,  rate  cf  tdTi&ct,  tad  practical 
usefulness  of  the  available  technology,  the  rate 
i>{  laDoratiom  am  developing  new  mechanical 
solutieas,  and  the  performance  tad  edequtcv  of  the 
bast  currant  machines*  ?ar fcrxaxtc*  and  adequacy  cf 
our  boat  military  vehicles  may  la  tom  *a  12. 

relation  to  similar  commercial  ud  foreign  militaiy 
machinery;  to  seme  sort  «f  envelope  of  technical 
feasibility;  tad,  most  importantly,  to  the  Joe* 
they  art  expected  to  do*  la  the  ©resent  circle* 
ttamcas  it  is  the  high  aai  nebulous  erpectatioms 
which  appear  meat  troublesome, 

Our  technological  society  baa  ma da  us  highly 
dependent  upon  our  machinal,  and  our  world  rwspaaai- 
bllltias  and  aspirations  bara  mad#  this  parties* 
larly  and  painfully  troa  in  military  matter*.  At 
tha  same  time,  as  a  nation,  va  bara  coma  to  baliarw 
that  science  and  sufficiamt  research  and  develop¬ 
ment  (?ID)  cam  devise  practical  machine*  for  any 
purpose.  From  tha  viewpoint  of  mobility,  oat 
ground -trtwi  In  «  machines  appear  to  nave  lat  ua  dovm* 
Surely  something  cam  ba  dona*  Or  cam  it? 

Tha  problem  of  expectation*,  indaad  tha  ever* 
ail  problem  of  pro grass  la  military  vehicle  develop* 
mant .  is  far  fftm  h+in*  •  «er  Tilrty-«wvmn 

yaart  ago,  la  analyxing  tha  faltariaf  cooraa  of 
madiua  tank  developments  tinea  Wl,  tha  0.  S*  Army 


IT 


Cr inane*  Co**ltta*  c esc  1  sdsd  tUt  profTaaa  had  k*« 
i*?+d*4  Urplr  by  a  author  tf  policy  aliuiti, 
abstracted  aa  folio**  (OCX  I la*  7114,  2329)  : 

1.  Lack  of  a  dsflalt*  Kar  3«?artm*at  poller. 

2.  a  •  • 

3.  Dlap*r*ios  of  afforta  ai4  fttnda  throojS 
t ha  d*r»  1  c?*#n t  of  accaaaor;**  faafor*  O# 
baaia  of  any  task,  tba  chaaaie,  sae  d*r*lcp*d 
t*  a  aatlafactorr  a tat*. 

4.  Making  psrfactios  is  th*  arp* riaastal 
rabid*  th*  critarios  for  staadardltatlom. 

5.  Too  |r*at  a  foitk  os  th*  part  of  aos- 

ttC?!RiCti  pOOpl#  iS  th#  fcslllf  ?h«t  t-f 

dimculty  caa  bo  mrctat  by  raaoarck  amd 
d*r*lop**at.  m.  .  ,  Lz  row  llsoa  acioaca 
raachoa  aa  iarpaa**,  or  at  laaat  a  psriod  of 
dimiaiahing  raroraa." 

4.  Too  froqoost  ciu|ii  Is  afficar  poraosaol. 

7.  9* ms 4a  bp  tb*  «ais|  aorriesa  a*  ta 

vsight,  sp**d,  arwrr ,  u4  otbor  *ualiti*a 
which  aro  Btntallr  isconpat ib  la  as4 

■mattalaabl*. 

I.  Frsfoost  ebssfo*  by  tha  using  aorrlco  is 
tb*  task  apoci fie* class  laid  doom  by  it. 

9.  Estiroly  lands  mute  fends  for  *■!**  i ita 
sad  aovaaaa  of  tb*  fi*ld  to  ta  corsrad. 

Vbilo  oaly  it**  S  is  g*ra*a*  to  tbo  laatdlau  dis- 
cm*  a  1  om ,  tbo  astir*  Hat,  with  sisor  osdlf  lest  loss, 
coo  Id  tail  aorro  aa  aa  ostllao  for  a  dlacssaiom  of 
carrsat  military  off' road  rabid*  d«ai(B  prwbl#**. 


Th*  VaMcia  Dsaiyoar 

Th*  or* rail  X£U  goal  of  aidiaf  “iks  r*bld* 
d**lga*r"  raia**  «  fiaml  p*rpl*zisg  q**sti*a  — 
just  vbo  is  ta*  iiiipar  *f  •  military  **bicl*f 
T*  vk«*  »ko«l<  a  trsatia*  •*  prwp*r  doaiga  for  off* 
rssi  p9Ti&*mmmim  k  adamsaaf  T*  shorn  d*dicat*dT 


tv*  r^ot  cx  lit*  in  tv*  mi*/* 

of  th*  t*rr*ii-**fiicl*  r;Utlc  *nip#  *aich  if 
d*t irmaM  to  *a  cnn^it^t  J«|?r*  bf  tv-.o 
fusm&tnttl  canf  ipir  at  is*  of  t>-o  rtniclt  a^vi  r:f 
ill  *<il#  in  relation  to  nature,  It  i*  *x4cert*tci 
in  relation  to  oilitero  voaicies  by  «  platbora  of 
cUcij  ini  btlanccs  poaieroualj  operated  by 
comilt  act**  /xcoriintlf,  tits,  ration  of  the 
or  fin  national  »r#c*s»#a  tj  ofeich  military  nliclu 
com  into  boint  aocvsaortly  farooi  *  part  cl  tMi 
■  tuiy . 


T$*  tun  i*  In#,  of  mrM T  la  tfe*  tm%  IgA  of 
ill|i  d*4  aircraft,  i*  tlaoe  fitlda  tb*  tteUt* 

logic *1  Umi  for  Ui«  or*  wifely  wi*T«tt*4  **4 
Mfipttt,  *•  or*  tii  titlltt*  of  til  t^rtic^i  of 
t*o**ic*l  fiuimUy  vltlii  ttiii  ■  elation*  «*r 
ntimli;  it  *o%glt .  7>*  r#r»U  to  tut  «iX|  m4 

olr*r*rt  4*olcm  o*4**tlT#*  or*  aori  utiUt  forao- 
lot*«  1*  torn*  rtict  *ll<rr  »try*  for  t bo  or*  ■  mo 
Utiia  of  tb*  flsiiUi  mill#  to  tbo  loro  of 
motor*  *•  r*U  oo  to  tit  toolnro  of  Uc  npirt* 
anti  mtor r 


Grrvnd-crtrllaf  robiclta  aro  of  aacloat 
listtgo,  *r.d  building  t v.  e  i  r  praaoat  technology  tti 
ittfKtti  t Ho  t  1m  and  taloata  of  aooy  aoa  »r*r 
mb*  csalutio*.  Tho  bogisaiaga  of  coacora  rdth 
offoctiro  rehtclo- terrain  ralatioeshlpt  ouat  bo 
datod  fros  tho  imroBtioas  of  the  wheel  and  the  roe* 1. 
Derelopaeat  of  both  proceeded  oa  entirely  pragaatic 
liaea,  howarar,  vatil  tho  llth  c ratary.  lekker  baa 
tracod  atteapta  at  aatheaatical  aaalyais  of  wfcoal- 
mI  1  latoractloaa  aa  far  back  at  Graadrelaet  la  the 
1710's  [bokkar,  1»S«J. 

ty  the  tan  of  tko  13th  coatary,  ardor 
pressure  of  tho  drvaiag  ago  of  ladastriel  goods, 
laprorod  erorlaad  traeel  was  a  flavour  field,  aad 
away  clrror  aoa  were  considering  aad  proposing 
laprorod  g round *< rnwliag  oothoda.  loginning  with 
Bdgeworth  (1770},  British  (aad  lator  United  States)  patoat 
filoa  of  tho  ooxt  oao  kuadrod  aad  fifty  yoara  ara 
roploto  with  iagoaiova  aochaalaaa  to  laproro  tko 
flotatioa  of  grooad  rokicloa  ai>d,  aftar  tko  practi¬ 
cal  adroat  of  aobilo  ataaa  power  la  tko  oarly 
1109'*,  tholr  tractlea  aa  wall  (Toaag,  lib#].  Mock 
of  tko  concern  waa  for  protoctioa  of  aarthaa  roads 
ratkor  tkaa  for  tko  iaproronent  atrlctly  of  off* 
road  porforaaaca ,  bat  tko  dlatiactloa  kotaaoa  road* 
aad  aoaroada  ati  tkaa  oftoa  probloastic  Xlograo,  151#J» 

Frequently  tko  coacopta  proposed  wara  far 
akoad  of  otkor  aacaaaary  aappartlaf  tackaolofy, 
aad  failed  ia  tko  if  tiao.  Boot  war,  aaay  kara  a 
wary  ep*t»-data  lack  la  tko  spoco  aga.  Tko  aodorm 


# 


notice  of  ground  prouvar*  w •  efte*  trplicit  la 
t*v«ir  dart lepmoat.  klckett  i*t4  of  hit  prepetod 
elastic  Mtil  who* It  (11(9),  “TV*  ehject  of  tbit 
iaroation  It  to  facilitate  tho  mereaost  of  loco- 
sot  Wo  eaglaee  nod  r.Ur  carriages,  wn  pertlca- 
lirljr  oror  toft  or  imtu  |mW,  by  glriag  to 
them,  through  an  elnttic  oodles,  a  more  o^t osded 
hoar  lag  surface  «a  tho  ground.” 

The  tinilarity  of  n*rtt(  iW  tf(«rtti  pre*- 
itai,  which  at  lave  at  l»f  appeared  to  contempo¬ 
rary  onglaoort  to  ekov  little  alga  of  ending  (ftele- 
Shaw,  1990} ,  414  la  fact  4»la41o  rapidly  with  tho 
ad rest  of  tho  private  aet  erectile  ta4  tho  accolor 
ato4  construction  of  pored  roa4a.  Yhlle  tho  coo  * 
a*  trial  ‘•oa-rood”  tract ico  oaglaoa  of  1H4  «oro 
reasonably  adapted  to  military  vac  ia  tho  >oor  far 
(Larrit,  1909},  oa*roa4  aa4  of f-rvod  practice  ha4 
to  far  diverged  by  1915  that  whoa  it  caao  t loo  to 
Mur  oat"  tho  taah,  tho  Iritish  call*4  open  American 
faro  tractor  aaaafactorort  for  thoir  first  euccese- 
fal  tracked  maaiag  gear  [Stern,  1919}, 

Iknrftd  hy  tho  poet-dhl  oo-rea4  vehicle 
explosion,  off-road  rohicl#  developmoats  for  far*  and  con¬ 
struction  wtrrk  horroood  ooch  froa  tho  rapidly 
advancing  or -rood  rohicl o  tochaolofy  aad  capital  - 
iiod  spea  tho  gttonl  march  t f  technology  aa  moll. 

Vhilo  thit,  end  thoir  basic  grewd- crew  Hag 
function,  led  ta  aaay  rot onh lane oa  between  oa-  and 
off-road  nochlnot,  they  art,  at  tho  fmadanoatal 
lorol  of  thoir  vehicle-terrain  iataractloa,  quite 
dif format,  even  la  aaay  important  reaper tv 
war*  la  ted.  Thin  man  recognised  in  tho  1929 
Ordanneo  Coomit too  analysis  of  median  tank  develop¬ 
ment,  already  tl laded  to,  in  which  it  een  pointed 
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out  that  a  t jai  li  at  distinct  a  nkUU  at  mi  air* 
craft.  Unfortunately,  this  basic  fact  la  atlll  ait 
claar  to  M17  today. 

Thus  by  the  1 1 30  ' »  there  had  been  com  ldenble 
activity  in  efi  -road  vehicle  develeyaeat  over  caay 
years.  Many  vaMcla  conf i guratioes  and  Mchuiitt 
bad  beea  tiled,  aany  tor*  proposed .  Matt  bad  Wm 
conceived  withla  a  broad  uaderstaadiag  »f  the  nature 
•f  the  off -road  p  robin,  aad  of  the  diroctina  la 
which  foaalbla  solutions  lay.  CraadvotMt  bad  ban 
succeeded  oror  tba  yoara  by  Mo  via  (1140),  krutiia 
11913],  Randolph  (1927),  CoriatcbkU  (1936], 

Letoshaev  ( IS) 34] ,  aad  otbara  la  tba  analytic  treat  - 
aaat,  baaad  upon  sVuplifltd  toil  aodalt,  specifically 
of  robiclo-aall  interactions .  At  mid -decade  tba  fara 
trnctor  ladoatry  undortook  a  pregre*  of  ayatoaatlc 
toata  of  tiros  (SA£  Cooperative  Tractor  Tiro  Tasting 
Coaalttoa,  1937];  MtKlbben  bad  begun  bis  piaaaarlng 
rosaarcb  cm  agrlcaltaral  tiros  (1931,  1940);  aad  boro 
aad  tbaro,  as  in  tha  fgypt  Carps  or  Arabia  (1.  C. 

Karr)  or  Longview,  Totas  (X.  C.  LeTewmau),  an  woro 
discover lag  tha  pot  one  y  of  largo  paeuntlc  tiros  for 
Mg  off -road  jobs. 

Verld  Var  II  gaiclly  sband  tbaro  was  aaro  to 
ba  loarnod.  Under  tba  inpatos  of  tank  aad  track 
inobilitatloaa  in  tba  and  of  a  worldwide  war, 
organised  ryot  no  tie  study  of  tba  vehicle -versus -«jd 
aad  weak  sail  p robin  began  in  Croat  Britain  (Cam- 
nlttea  on  Mid  C rotting  Performance  cf  Trscllayisg 
Araovrod  Fighting  Vahlclaa:  Hoad,  ttlcklatbvalt, 
Ihrkvick,  Sbarrntt,  Evans,  at  al.} :  in  tba  'Jilted 
States  (SAX  War  Enargeacy  Tractar  Coaalltn  aad  tba 
Ordnance  Corpei  bare  lisa,  Cusrchlli,  Crass, 
ftlllott,  Vi lan,  at  al., ;  aad  tba  Engineer  baaad:  v 
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Eaglar,  jklafld,  Karr);  u4  la  Canada  (Metlo ail 

SLm  »«»rck(  C  O  arnC  i  J;  Lag gvtt,  iakiar).  Tula  "crack*  8 

activity  yrcducad  sararal  batlc  aad  ttill  waafal 

cooo?tf  ®a  vvkiclvtsll  latarcctloaa,  a  f aw 

mobility  "flits*  mi  tkea  curreat  mscklaaa,  sad  eae 

valid,  working  daaiga  gal da,  "Tba  laflwaaca  af  load 

aad  lailattov  oa  tka  Sslactlom  af  hMautlc  Tlraa 

far  Military  Yablclat*  [Hind,  1941).  Ita  aoit 

frafevad  laflutace,  kowwr ,  vaa  ta  llgkt  tka  faaa 

far  tkla  liaa  af  aagiaaaritf  raaaarek,  vkicb  la 

•till  fpvttsriag. 

At  var’t  (id,  four  kaalc  cpproackea  vara  La  jj 

tvldaaca.  la  Irltaia,  civil  •agiaaerlng  tall  3 

mechaalcs  vaa  atlllted  aa  tka  foaaditioa  far  semi*  I 

empiric  aaalysaa  at  vakicla  aiakaga  kakavlor  la  clay  wUi 
(SUrratt,  194Sj  Skerratt  ud  Ema,  1M1J.  la  tka  Caited 
Stataa,  tka  Eaglaaar  Carya  «aa  bagiaaiag  fra a  tka  aaaa  civil 
aagiaaariag  bate  ta  coutnct  ita  closely  doca- 
antid,  sapirlctl  com  pemetrometer  ayataa  far  pre- 
diet  lag  aeila  trr  f  f  lcabillty  (WE5,  194SJ;  ud  tka 
(tka a)  Ordnance  Cerpt  bad  begin  support  of  a  modest 
atady  of  tka  applicatlom  ta  vakicla«aoll  problems 
of  dlaeaslomal  aaalyaia  (Vettall,  1949).  Ia 
Caaada,  kekker  vaa  madertaklag  ta  formalate 
relations  ia  taraa,  ayatkaaizad  froa  Terstghi, 
ler&stcia,  Coriatckkia,  Mlckletksait,  cad  atkara, 
vkick  appeared  ta  kia  aora  appropriate  to  ai^le 
aaalytic  traataaat  of  tka  aaila  problem  posed  by 
vakicla  actions  [kakkar,  1941).  Dafortomately, 
tka  several  approackaa  atilita  diffaraat  aail  nlaa 
systems  a ad  diffaraat  lastnaaeats  for  ekaraettr- 
lilag  tail  atraagtk:  tka  British  tkaar  vase 
(Ivans,  1959),  tka  Hi  uaa  pame trams ter  (T1  Oft 
?7,  19S9] ,  cad  tka  tva-part,  paaatratioa  cad  tkaar , 

Wvcaatar  (Fcvlics,  19*11, 

U 
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•MS*  *#ch  ferrac-h  t(4  its  i  iop*r* !  - 1  tel! 

"Jlw  trat*a  an*  ItatrasMutatica  Me  tmrtit  t* 

W(e**»e4  it  i»  **v«  b«(iK*la|.  **«  i!i  bare  1*4,  ia 
the  tread  n*v,  t*  *oit*  tiiutr  rfijltj  (at  tiMr 
Mtit  if  at  all  correct),  each  vf  tV*  ««rt  cl  »c*y 
r*ar»  fcils*t»g  vat  co*d*ct*4  Mr*  is  tii*  spirit  tf 
•  U4li»'  *r*»Ul»|  match  tfc.aa  *1  acieetlfic 
inert  nr.  At  tM*  newest,  ttaa  reentr  peers  after 
tW  epeelng  hell,  there  ta  still  o*  see  ralidete* 

•ef  *cce*t*4  sell  vatu*  irttts  far  reticle  *seil 
ltldU'3. 

This  i»  set  te  tty  that  these  ftara  ** r* 
un  product ir* .  krltlsh  iareat i jat art  are  satisfied 
that  their  cwrreat  ae  t  h  ed  s  produce  reeteeabl* 
resales  for  wheels  and  tracks  is  ctnuelidsted  cler 
aeila  ll’ff*l**a*  uf  fvua,  IMS;  teece.  19*31,  TV* 

C« rpa  of  Ea|iu*r*  comm  penetrometer  verk  (cn* 
dec ted  sisce  19*3  at  V£5)  bp  1934  had  a  chief*  4  its 
h&tic  goal  of  predictlag  fia**gratoed  sell  traffic* 
ability  la  rritilea  te  eilstlsg  rehlclea  br  caatact 
******  [latfit,  193*;  bl|it  ud  Kelt,  194 1 1 .  Its  co*e  pf:a* 
tmater  approach  has  aiace  im  extended  te  svcceasfel 
c  eat  act  predict los  is  au4a  (teak,  1939,  1941,  }MJ;  Freitag 
*•4  Jtoigbt,  19*3)  as4  *****  (tela  *t  it.,  1933;  Hackee*  as4 
Kalat  19*0),  aad  te  preeialag  pralieiasry  cutset  * todies 
is  organic  aeila  ( Sc hr* las r,  194S).  It  has  alas  bees  the 
heals  for  dmlrtl*|  methods  for  forecasting  tells  traffic* 
ability  (e/»  Carlsee,  1939),  t'er  a  lasad  Sag  ice  Lag  of 
the  Mich  needed  |*e*raliiati*4  ef  surface  sell 
•treagtb  iafersatioe  oa  a  geegrepbic  basis  (Ten* 
bull  and  Lai  git,  19*1;  Neper  as4  Laight,  19*1;  Meyer, 

1944),  as4  far  stndle*  af  eeaea  ta  dataniaa 
traffics!*!  lit*  by  (test  eat  act  astleii  usiag  resets 
*e*s*rs  (Deris  *t  el.,  19*S,  19*4;  Deris,  19**). 

The  can*  y?»»t roaster  has  site  preran  eaefal  as  the 
beaic  sell  nasorreeat  last  meat  la  giaoesieaally 
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•rlnt»4,  MtlnlNi,  tr*t«— tic  s t i o *  u4 
uilfiti  by  VtS  of  tiro  porforaoaco  »a  i«tk  tsa4t 
ud  ci*T<  (#/.  fro Itog,  IMS;  Saitk,  IMS;  Tvroafo 
sad  Crooa,  IM»|,  sad  is  s  yrollotaory  fiold  profr»» 
to  dsroloo  moo  as  to  axtoad  tW  I3*p«st  toil  traffic* 
okillty  to  tko  yrodlctioo  of  flrst*poat  porfor  — o 
pnatT,  IMS] .  lokkor’o  opproock  to  soil*rofclclo 
UtorictiMi  Ua  Wet  ospo— ;Od  V?  tko  0.  S.  Aray 
TiU'kttwtlTf  Cootor  (ATAC)c,  wjoro  it*  tof loo— at 
fad  fliWnttn  toil  its  ipplicitlot  to  doolga  oaolytoo 
korw  booa  a  — jor  coacors  of  tko  load  Loco—  tin 
laboratory.  fouadod  by  iokkor  la  If  St  [Ustoa,  IMS). 
It  hat  also  boos  adopted  by  RASA  os  tka  srstm  for 
specifying  a— a  soils,  sad  for  d«si£%iag  oad 
evaluating  oooa  vohicloo  \<tf.  ftrlics,  JIM;  Voap 
aa4  Goloa,  im], 

Oaly  tko  foods— at  a  1  41— asioao 1  isyrreck  Lai 
lockoi  door  cootiaolty.  Ho— tot,  dosplto  ieos 
oaborraaaiagly  bod  work  lo  Its  uas  (Clark  ot  al., 
IMS],  It  kat  la  tko  post  fov  poors  tko—  slgao 
of  quietly  becoalag  o  —  lastly  of  enroot  work  ot 
botk  ATAC  (#/.  Llstoa  oa4  Hegodos,  1M0)  oo4 
VIS  {o /.  Proitag,  IMS),  oaf  la  koglaolog  to  ocropy 
•  iaadiag  posit  loo  la  tko  Tokiclo^aoila  rosoorck  ot 
oororal  agricultural  oaglaooriag  collogo*  (#/. 

Clark  and  Llljedakl,  IMS;  H—ag  ot  ol.,  1M4; 

01;aa  oat  Vcber,  IMS;  Sio— os  ot  ol.,  IMS; 
fierott  os4  lucholo,  lMk).  TVs  re  oro  currtatly 
sow  21  orgooi  tat  loos  la  vkis  ctroa try  oad  Caaada 
kariag  iadoor  soil  kla  tost  facilitlos  for  tko 
stady  of  equip— at  -toil  proklo—  {Appeadlx  1). 

Ikot  aro  iarolrod  la  oss  — y  or  oaotker  witk  tko 
di— aiioool  appraack,  oad  folly  rocogalao  tka  fact. 
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ra  rrrtt  f'??*roAD  kiutajiy  y^hicls  fvYTtosntr.rr 


Although  tha  research  oq  t#-T«i**rofci- Ja 
relatioaib i ?#  Mfta  sitb  cam^irttts*  #f  1 he  first* 
order  problse,  to*r»  or  aot*to*go  im  rod  tad  tr«ii 
•oils,  the  profits,  including  obstacles, 

uptittM,  etc.,  is  mow  widely  m4< r 
stedy,  Mareorer ,  ia  cocsidcriag  the  design  «f  aff* 
read  Military  TtkicUi,  still  other  a  tenants  ntir. 

The  rsroltlai  tableace  say  ba  terree  tha  total  et'f* 

road  Military  vehicle  enylreaneat.  It  my  ba  considered  ta 

cmslst  of  tha  coadiaad  affacts  a<  cliMata  aad 

parsoaaal  as  wall  as  terrain.  Sam  conception  of 

its  overall  severity  Is  glvea  by  tha  fact  that 

staadard  Aray  t racks  hare  a  lifa  of  apyroxiautaly 

It, 000  Milas,  whilo  tha  lifa  of  lass  nifgad  cost* 

Msrclai  road  vehicles  is  normally  rackoMad  ia 
100,080's  of  Milas  (Lyade,  itSt).  fat  aaathar  way, 
f»ily  developed  comerclal  tracks  ia  aonieally 
siailar  as#  by  tha  Military  tarn  a  reliability  of 
ml y  M*40  par  coat  at  20,000  Milas,  whan  tha  car* 
rant  orarall  target  for  tactical  ailitary  tracks  is 
M  par  cant  (AHCP-7C0-1 J4,  1961}. 

Cliaatic,  tm  Microcliaatic,  coap  moats  of 
tha  aawirmaant  par  aa  in  ganarally  diffoaa,  aad 
an  aonaally  treats^  aa  ralatiraly  loBg*tara  phe* 

HMia  (cycles  aad  statistically  expnssed  maaano 
of  rainfall,  teaperatam,  htmidity,  radiatim, 
ate.).  Short* tarn  Manifestations,  sock  at  ha ary 
raiafall,  hirnttr,  can  hare  profomd  affects,  a  am* 
tinea  dinctly  (aa  on  visibility),  non  oft«m  in* 
dinctly  (aa  threw gh  change*  ia  enrreat  sail 
mthanical  properties). 
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The  personnel  cos-Bontnt  1  *  con  freeoently 
ataaifaittd  by  ,t»#rnl  tigio  of  rehiclas  tic*  by 
training  is  their  intelligent  arpleitati at. 

Effect*  trad  t#  V*  Aner-vida .  T\*y  rirjr  aartadly 
with  troop  noralo,  t r * 1* la | ,  teaa  u  yet  esoef.&ed 
••*  *7  peal  (or  lack  thereof)  of  a  particular 
vehicle  design,  a *4  peras-a  th*  tactical  sitsntlcn. 
Tims  far  th*  personnel  conpoeent  eppears  to  vary 
only  la  secondary  u4  derlratlr*  fssuicn  vith  j»t* 
graphic  local*.  Its  *f facts,  hwwnr,  cm  over¬ 
shadow  all  others.  Is  extras*  cases,  ptntaMl 
behavior  essentially  sanrelstad  tc  the  particular 
physical  eavironnent  can  elaost  totally  obscure  th* 

•  ffacts  of  other  tavlroonontal  inputs. 

Th*  factors  vhich  describe  tha  terrain  H(ant 
of  th*  eavironnent  ar*  of  tv*  kinds:  the**  express* 
lag  r*latir*ly  stable,  loaf  t*ra  attributes,  and 
thee*  *xpr*sslag  tha  ianedist*  stat*  of  *l*a*ats 
subject  to  seasonal  tad/or  dally  variation.  A 
vehicle's  performance  is  influenced  by  tha  jee- 
netric  cad  nochanical  features  cad  properties  it 
flads  point-bypoiat  tad  aonent-by-eoneat  in  tha 
torraia.  These,  la  tans,  reflect  th*  contained 
effects  of  both  types  of  factors. 

A  slope  is  s  slope.  Coast der  one  of  reason* 
ah  lo  length  and  taiformlty,  ext  ran*  but  cot  in* 
possible  - -  say  on*  having  a  JC 'percent  grado. 
Whether  or  not  a  pi  ran,  relatively  nobile  vehicle 
will  negotiate  it  depends  on  aany  other  factors 
acting  in  concert  with  tha  slope.  All  any  be  coa¬ 
st  da  red ,  for  general  design  purposes,  to  ha  inde¬ 
pendent.  It  is  readily  apparent,  for  exasple,  that 
tha  typo  or  types  of  soil  involved,  their  strati¬ 
fication  sad  Bolster*  content,  tha  extent  of  super- 
loosed  siaor  relief  (aicroroiiof) ,  the  tsrfece 
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i a  (tlairalia/) ,  rad  t Vo  kind  ocd  csadltloa 
tl  Mjitnlr*  ejTif  nr  uu  har*  m  uCnc*. 

S  lopa  (%scr«r*Iiaf> ,  soil  try*  cad  strattfi* 
^attest,  casorsl  covar,  alcroraltof,  u4 

porkrps  siairallaf  »ra  rtlanrcir  ituli,  Sail 
mi  *  rar*  mint  its  s trail fl fit i gs  -til 

rsvally  rtry  froa  day  to  day;  tk#  stata  of  rapa- 
titles,  fro*  va*k  to  »**k.  Ail  will  T»ry  la  sora- 
•r*lt»s  dapra#  at  dlffarrat  pviata  is  tkv  vakieiv's 
trml  a  tvs  is  a  luniaaly  keuinm  tarral* ,  avd 
•vat  will  ba  a  It# rad  tv  low*  ortaat  by  tkv 
vvbicla's  ptsuja. 

TT»*  1  on  j- tars  factors  -  -  top*|?spby  (sscrv, 
•icro-,  mi  slat* } ,  tka  (tMril  vapatatlra  pictcr*, 
soil  trpas  asd  dlstribvtloas ,  cv»rall  ground  vst*r 
n|iai,  laaiparsisait  caltoTal  faatrrai,  ate . .  *  - 
asy  f 07  tit  sot t  part  ba  cavil 4# rad  0*  tk«  basis  if 
ralatiraly  largo  arasl  waits.  Tkvy  way  os# fully  b* 
awalytad  tad  classified  for  dtslgs  pvrpvaas 
*as««tially  vltklo  thv  frtanirb  of  classical 
aatnralistic  stadias.  TJ bv  rarltkla  attrlbotaa  aaut 
b»  traatad  os  a  t las-dvpvadaat  basis,  raflactiat 
ta^po.al  rariatlovs  is  vaatkor,  cyclic  iaflorscss 
vf  cl  into ,  tkv  nek  antes  of  soil  voir  tara  tad 
pint  grovtk,  asd  tkv  *mslaa(bt  of  nmklsd. 


Is  tkv  eggrvgatv,  proper,  lavf- tin,  broad 
claaaificatiovs  *  -  is  tvrsa  of  lasdfors,  gaoiogy, 
ecology,  clisata,  etc.  •*  vitk  tkeir  latarralst iow* 
skips,  coostltuta  tkv  ovly  toosd  keso  for  predict* 


isg  cosdltioss  to  b«  fond  is  vassapled  (avd  aewv- 
tiaos  uwsaaploablv)  a rasa  of  tkv  world,  sad  kvaev 
tor  pradictiag  eqoipavst  p*rfvraascv  (or,  caw* 
rarsaly ,  repair*  vests)  is  sack  are  as,  Tkv  cevsider* 
ski#  osrlfxaavatal  rvsvsrcs  vkick  sast  bv  dvav  tv 
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4t  2 <rp  tilt  Tim  ccrrvUtlow  of  t%m 

notorilif tic  t latai f Icatio*  iritfts  wit*  Uo 
eccurr«^c«  of  £*cmotric  tat  »oc>~*«iC4i  ftoturo* 

*»IC5  ^r**«i*  alltct  ^rf»rt«jici  of  Eiiitary 
Mtsipscnt,  to  Vo  oao  af  tixo  •ssiltill  * tf?» 

Mciinrr  to  t\a  doroic raoot  of  ooro  r-tiocoi 
doaifs  *;vrcaci*4i . 
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Bert^uro,  1963 


IbrsJi  Screw,,  Ghrytlrr.  1963 
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If  t^a  dafiaitlta  tccaptad  far  this  itMt, 

>k  Uitf  ia  «aa«stt*llf  ipaad;  tpaad  ia  a  >tr«l{ht 
lisa  or  “*paad*»tdt*r«»d"  taw art  an  o6}a:tiva  «Wt 
a  straight  SiM  1*  iaposaiila  or  impractical.  a;! 
pfcataa  of  Ita  atadf  (with  tha  oxcoptloa  of  tarraia 
raaghaaaa)  hara  bath  *jt,  ao* tc"  sad  apaad  atpacta. 
Ia  thaar? ,  at  iiut,  a  asafaltf  caaplatc  traataaat 
af  aahilitp  i&aaU  (KiUar  tha  fall  rat*  *( 
spaada  free  xara  taa*(a)  m  a  I*  tha  practical 
aparstiaesl  aaxira  far  rariaaa  condltloaa  u 
■1m4  bf  tha  total  tarrai»*rrfticla  rtlatiaiiir. 

A  |im  rahicla't  parfarmaaca  ta  a  tarraia  at 
sap  aaaaat  U  a  foactloa,  iaaafar  a*  tha  tcrraia  ia 
cat  carta  4,  priaarilp  af  tha  taoaatric  a* 4  nctui' 
cal  faataraa  a ad  prapartlaa  of  tha  saall  araa  tha 
itbicl*  »c  capita  at  that  aaaaat.  Tha  aoat  saaa* 
iaglp  rari«|ttt4  tarraia  a ar  ha  hrahaa  iata  aaaa  pa* 
ah  la  iacraasato  af  raaaaaahla  haaaagaaaicf  far 
4atalla4  traataaat,  u4  aahaa^aaiitlf  iata  grot  ad  ta 
ehtaia  a  flail  f  l  gars  for  a  totol  trrraraa.  Jtava- 
aroT,  study  n4  pradict ioa  af  aaf  tad  all  priaary 
ia eata  af  off* read  parfarmaaca  ara  prahlaaa  ia 
aaglmaarlag  aachaaics,  baalcallf  Map  la,  bat  nada 
caapllcacad  bp  tha  tatriaalc  caaplaxitp  of  both 
rahicla  aad  tarraia  gsoaatry. 

Ia  ardar  to  fidijuu  >u *»/,  cwipUxitr 

af  tha  ara rail  prod Isa  ia  arhitrarilf  radacad  hr 
lialatUf  rariaaa  klads  af  rahic la* tarraia  Ufrr- 
actiaa  far  iadiridaal,  ai^llfiad  traataaat.  Tha 
aaaaaptiaaa  ara  aaaallf  tacitly  aada  that  ia  tha 
•ara  csatplax  iacraaaatal  aitaatiaaa  fa  wad  la  aatara 
aaparata  a f fact 3  aay  ha  tadiiii  aaaaatiallr  hr 
paaarposltioa.  tad  that  tha  ardar  af  lapurmiu 


* 


I*  parf.'roaac*  la  t*sa  slwjltfUd  sttoatiaa*  will  b# 
reflected  la  corretpcadiaf  field  alteatiam*  u  wall. 
AltHowyJb  mi  strictly  (na,  these  bar*  prvm  ta  be 
aaeful  la  clarlfyiai  tba  coerlete  pittare  asd  far 
dwalfa  ««d  grass  estiwattai  pwrpaaes.  Nartam, 
relatively  "para"  situatloas,  la  anicb  om  si^pla 
Iff*  *f  nhUta-tamla  laterattlea  asseatlallp 
caatialt,  art  act  wcowaee . 

Tba  cirntt  ftatiln  af  tW  nM(li<tamii 
profclaa  frf.  Hates,  i**l;  TtCJ  7M*79f,  *»44; 
lisaer ,  1763;  Crabaw,  IH4,  m*}  tract*  tHe 
terrain  separately  la  tars*  ef 

1)  it*  surface  materials  ••  tba  seft>groe*4 

pro*  lee, 

2)  It*  aajar  topography  ••  the  *  lot**  ftablra, 


3)  Its  aiiat  iirfac*  geoaatry  **  tb*  ebstscle 
praties. 

It  la  coafaaiaat  to  atill  fart  bar  ditU*  tcatldar* 
atica  of  tar.ala  obstacles  (3)  according  t#  tba 
kladi  of  nkltla  ntpoaM  they  protocol 

i)  taattaaaai  grwid  mgkaan,  vklcb  raaalt* 
la  aaaaatlall j  cottlsaaai  bwt  rasdea  vitro* 
tloa*  of  tad  vithls  tba  reticle,  a»4  vbicb  tba 
drlnr  sesegee  a*  a  pa rai stoat  eleseat  of  bis 
aarlronaaat  abase  laral  Ha  ad) bs  ta  th  ronga 
•pa a 4  control; 

k)  eseeatlslly  slagalar  obstacle*,  each  af 
vklcb  prasaat*  a  separata  cbollaaga  ta  tba 
reticle's  pray rats  bacaaaa  cf  secbenicel 
later foresees,  excessive  t ract i oa  daaaka, 
aad/er  tba  dove lop seat  af  extras*  aatiasa  m4/ 
or  dfiaalc  fereao  as  ud  is  tba  nblcls,  tad 
which  tba  drlnr  asst  4**1  aritb  esseatlellp 
••••bp-ese;  u4 

* 
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c)  plaaiaotric  arraya  «(  «Mdi  » r» 

by  8  glrrrs  rohlcia,  »*4  wiilch 
may  or  nay  sot  Vo  poaetrablo  HMinr. 

Kajor  coopoooata  of  rogotatlow  aoroallr  foil 
la  till  catagery, 

Cfcvlewalr,  awbclaaai fleet  too  of  a  partlcoiar 
topaat  of  torrata  goowotrr  la  t&oar  lotttr  Una 
will  dopoad  uf^oa  tho  relative  seal#  of  vehicle  m4 
torraia  foatorot,  t»4,  to  a  leaaor  oitoat,  upew  the 
foweral  characttrlatlca  of  tka  vehicle.  Ceocelve- 
Ut  the  »  im  b  owl  do  r  field  cowld  bo  aorolr  rowth- 
mii  to  a  Tory  largo  vehicle,  preaoat  a  aoccoaaioo 
of  critical,  alagolar  obatacioa  to  a  imallor  oao, 
and  off or  a  field  of  Inaoroowatab lo  obatacioa  to  a 
tlay  ooo.  It  la  to  bo  meted,  lavrrar,  that  a  fall 
qoaatitatiro  depictlow  of  1 ta  U roo >4 1 aoaa 1 oa a 1 
ge  owe  try  wool 4  provide  the  baalc  data  for  stodyiag 
all  of  these  caaoa. 


Flaally,  there  aro  a  waaber  of  characteristics 
po collar  to  vegetatioo  ablck  aaewt loot  laflaomco 
practical  oobilltr.  Flrat  sad  a**t  laportaat, 
Togovatloo  oftoa  llatlta  driver  rlaiow,  obarariag 
obatacioa,  lapoaiai  difficaltioa  io  rowto  soloctioa, 
etc.  toother  characteristic  io  ita  roaiataoca  to 
boiat  overridden  by  a  vehicle,.  ad  a  third  ia  tho 
potoatial  of  vofotatioo  to  coot rib oto  to  tho 
boariag  strength  of  ^  grewod  aorfaco,  /or 
to  ita  aarfaca  alipperieeaa. 
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ru  *v*iu*u5  Ttmotocr 


Tbo  ttchaolofy  m  (irriti*Tfkt(U  r*  1 « 1 1  o» - 
*blp*  protootlr  available  f*r  t*io  «nl(s  »f  off* 
rood,  gro«o4*cr*vlla|  nutclii  fall*  Into  catotcrios 
par*l  1»1 ' 4  those  Jv»t  discussed.  The  toft.frpsod 
profits  o»4  the  slope  prvblta  or*  trotted  by 
nMtlt-itil  Mctuici  steaai*|  directly  free  Dm 
nil  root* .  TIM  tonraia  roofbaesa  profits  i a  «dar 
ittfr  kjr  asaas  of  laportaat  aitautau  of  avta- 
oebi lo  “ride"  tochaol  ojy .  Sort  ova  mff  of 
ala|«lar  obstacles  and  plaaiaetrlc  array*  of 
obstacles,  sod  of  trtMlttoaa  aapoct*  of  rofotatioo, 
i*  estsatlally  youa|  bat  ablo.  Tbo  oatlra  tack* 
aelogy  baa  a  taco  about  1943  boas  aaoajily  osd> racod 
aloof  with  related  aapoct*  of  earthrsTlaf  uf 
agricultural  oouiyutat  otcbaalca ,  by  the  slagle 
tara  “t  o  rr  aao  cb  aal  c  * . " 

A  sigaiflcaat  but  partially  lataafiblo  aaaot 
to  * bo  otato  of  tho  tacbaclegy  is  the  oiistoaco  of 
tbo  I ateiaarioaal  Society  for  Torrala*Voklclo 
3 ratios  (ISTTS),  fouaded  la  19*2.  follevlag  tbo  fruitful 
-First  latoraatl  ooal  C  cafe  re  ace  oo  tbo  Mo  eh  sales  of 
Soil *Vabicla  Systeaa,-  boU  la  Turla,  Italy,  U 
Jao  1HI  (lSTTS,  INI;  also,  Ogertlrelct, 

INI  I.  ISTTJ  was  forvsd  -to  offset  tbo  *c*is7sa*.t 
aa4  afrocmvit  of  kaeoledge  af  tbo  aochaaics  of 
torralm-Tohicl*  sywtooa  ao4  sail  wort  lag  aa  chi  aery 
ia  all  etvireaaaats.-  As  af  oarly  194b  it  ha4  134 
0.  S.  aaobor*  sad  135  fr*a  19  atbor  covatrlaa, 
locladiag  tiro  bobiad  tbo  cartaia.  Wbila  tbo  0.  S. 

■a  abort  hip  i*  predaalaaaf ly  frea  tbo  al  lit  ary  MS 
rstabllsboeats  larolrod  ia  ooblclo  p  rob  leas,  aad 
tboir  caatractor* ,  saao  M  percoat  of  tbo  tn*9.  S.. 
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■oabortMp  If  «*<**  t.-p  of  winmir  r*n  frcho  r*  i» 
agriculture  as  4  coaitroctioa  u<  profits  tana  la 
aitKiiuf  wltb  coaworcial  cr^riuiai.  iporeai- 
aatolr  to  porcaat  of  tbo  tatal  a**»orifclp  ts 
lavol<ro4  la  resoarck  »a4  4or#  lo?a»at  of  laat  i#rt. 

ioglaalag  la  1(64,  ISTYS  has  s?*as*r*4  a  n4- 
ataatlal  quarterly,  tbe  Jomrmml  of  To rromoohmmioo , 
ably  f41tt4  ty  A.  I,  Reece,  tf  tU  IMlnnltr  of 
Macutlt,  U.  I.  la  Aafwl  1960  tW  iKltty  ImU 
it*  f#co*4  lataraat  loaal  coaftrvaca  la  C?w*6ac  City, 

Quebec .  TO#  accumulated  ft  la  of  tbe  Joomm  la,  tbo 
Troooodi age  of  th*  Turla  aa4  Quebec  coa  foresees  { 1 5TT5 , 

1961 ,  1966],  plus  tit  papara  present#*  at  a  sarlaa  of  specially 
*rga*ii*4  Millets  oa  |IMb4  aaiUitr  at  tbre#  •’oasecstir* 
Society  of  Aut#s»tle#  CigliMri  (SAB)  coftrtnti,  1961,  1964, 
IMS  (a to  SAI,  1964],  aa4  tit#  196S  Iastltutioa  of  Mecbaalcai 
Eagineors  Symposium  oa  Eartb-aorlag  Nackhary  (IKE.  196S], 
fXlwAd's  194S  report  ia4  aoai  2S  roe  a  at  UJ  report*  1  i»ta4 
ia  Appoadii  II,  provide  a  geo4  warkiag  blHiegrapbr 
of  the  carraat  tiekaol«(y  available  to  tba  designer. 

Tba  SAB  fori a a  a 44a  a  fsrtKft  sad  necessary 
iliwulca,  systoaa  aaalysis,  to  tba  overall  tach- 
aelogy.  Aad  ia  it*  traia,  systoaa  aaalysis 
illicitly  brirgs  tba  aaa4  for  quantified  aa4 
g*aaraii>*4  torraia  information  oa  o  largo  seal*, 
aa4  oftaa  Tor  area*  wbor*  contact  pr*co4sr*a  for 
obtalaiag  it  ar*  interdicted.  TV* to  ara  tba 
probloaa  of  tariroaaoatal  roaaarcb .  Tb*  cast  is 
mi  coaplats,  aad  tbs  41#  is  cast. 
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v*hicl«-»»il  nnchiMcf  »j  t.*ta  uiur  liai  cf 
tho  aatlrn  chain.  In  tha  complata  ajantltatirn 
iftttn  approach  now  tslcg  form*4,  It  la  alto  tan 
wwalait.  *Mla  it  la  goonrally  csacadad  that  tha 
20  yaari  of  accuaulatad  raaaarch  Kara  contributed 
asafully  to  oualitatlra  urdarataadiag  of  rehicla- 
anil  relationship*  [ af.  Oforklawicx,  1962),  it  haa 
yat  to  ranch  tha  foa.  of  "quantltatlm  uaaa r - 
•taadlag  of  tha  par  formas  ca  of  rahicln  reaming 
gaar  in  aiapln  aoil  fyataas**  enunciated  by  Hooca 
la  IMS.  In  fact,  it  uit  fca  a  tread  that, 
qaantltatlraly,  ".  .  .  tha  ability  to  predict 
rahicla  perforwanca  la  vary  poor  .  .  . "  f Jonas, 

mil. 

Moat  under  tha  gem,  because  of  tha  long  conti - 
amity  of  thair  supporting  ra anarch ,  thair  widn 
publication,  and  tha  claims  aada  is  thair  bahalf, 
arm  tha  simplified  analytical  oathoda  and  asao* 
ciatnd  foil  raluo  ayatam  baaad  upon  Balkar's 
pionaarisg  aarly  work  (19S6,  I960].  rhair  carrm*  stats. a 
was  toarnsrlxad  by  Bnkkar  it  hla  Jum  Claytcm 
Lactam  bafora  tha  Inatltotloa  af  Mackaaical 
Esgiaoars  (IMS),  Is  tha  pant  12  ytsrs  Bakkar's 
approach  has  baas  car  rind  forward  largaly  by  tha 
ATAC  Load  Locomotion  Laboratory  (Ill),  Aa  dornlopod  by 
LLL,  tha  ayatam  haa  dapartad  somewhat  fr.a  soma  of 
Bakkar's  .arllar  almplificatloaa,  ~»d  is  tow 
(amorally  rafarrad  to  aa  tha  "ILL  System."  "aaathalaas ,  tha 
*  pacific  accuracy  with  which  such  aiapla  sad  f*«- 
•natal  parforaasco  am  aa  a  rat  a a  m*  drawbar  pall  af 
existing  pmoamatlc-ti rod  and  trackaa  resides  la 
anaaarad  a at  I  conditions  may  bo  calcolatod  by  this 
ayatam  haa  boom  poor  (Hat!  Track,  JMJ;  Clara, 

IMS),  laoco  (1914)  caatclodad  aftov  a  fail  year's 


LS  krmy  1  ~rZ2 


Ekrltck.  \T» 
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1936 


Su*ej,  1°39 


iifMur*  to  tfaa  oa-gtlag  ILL  NHird  tlkit  .  * 
kkiiir'i  ayataa  la  oot  a  acloattflc  tfaa* ry  lit  a 
bypatfa^ala  "  Aa  lata  aa  IMS,  la  W|luli|  irataaa 
atvJtaa  ea  coat at  t tala  at  Ohio  Star*  Uainnttf, 
it  raa  4aclC*4,  aftar  mtnUf  tfaa  a*tuatl*a, 
to  start  iffttUnlf  from  scratch  ta  develop  aaaa? 
to  caUslat*  tU  ^irfirsac*  of  t rxU4  rafale laa 
is  vsaJi  a  alia  JFarlaff,  IH),  1M4).  Criticisas  of  th* 
4a tall*  af  tfaa  U.L  caacapt  ora  at  laaat  as  imna* 

(#/.  Uttlo,  IVili  fortsen,  IMS;  faeoca,  1H4,  m»; 
A-sar.  INI;  villi#  at  al.t  IMS;  Nrorslar,  IMS; 

Raocs  a i*4  Villa,  IMS;  Clear#,  IMS;  Vodyaalk,  IMS; 
Rooco  and  Ada**,  1904;  blllls,  1900}. 

Tito  raafaaassas  af  tk«  iirmt  ILL  ayataa  ata 
ntaplitl  by  ILL  fa  at  fa  dlrvcvly  (Llatao,  lM4j  a»4 
ladiractly,  la  tfaair  ceatlsolng  sappart  of  aa4 
roqolraaamts  for  farther,  aoro  basic  soils  roaoarrb 
(a/.  AMC'QORI ,  190S).  Tbs  a  mm  la  ably  dafaaded, 
boaarar,  aa  tbo  east  edraaeed,  practical,  proalsiag, 
sa4  qvaatltstir*  available,  aa4  M  proridiag 
roliabla  aatiaataa  of  tbo  rotation  a oft  sail  par* 
foraaaca  af  aa  array  of  rafale la a  (Llatoa,  1904), 

Tbo  ILL  aystaa  is  also  coasi4aro4  as  aa  edaqoete 
basis  to  bagla  aaa4s4  syataao  analytes  (faakkar, 

1904).  Tba  aacasaity  to  sxprass  sail!  aa4  rafale  la 
paraaatara,  aa4  tfaair  relationships  U>  aaasorsbla 
rafale  la  par  foraaaca,  ia  q*aatlta:lvo  v’araa  caaaat 
bo  dealad.  Tba  ILL  aystaa  4aoa  prrrl 4a  wwtfaa* 
not  leal  ao4als  so  aacaaaary  to  ao4ara  coaq;vt ar 
stadias.  Naraorar,  tfaa  aadals  ar*  sufficiently 
caqplax  to  giro  soefa  avarclaoa  tbo  Mat  of  aa 
aaalyaia  roqoirlag  asdsstly  adrsacad  ayataaa  aad  aat ha* 
aatical  tocfaaiqooo.  ibatfaor  or  mot,  ia  tfaa  foes  of 
tfaa  i^tocisioa  of  tfaa  basis  aadola,  saefa  aaslyooo 
has*  nasals*  boy  and  daaaaitratlag  rfact  Bight  bo 
daaa  witfa  proper  aadals,  is  aaatfaar  qaaatlaa. 


ILL  is  sat  ■  * v»e .  Although  the  Iritlsh  pnr< 
ally  concede  tast  tbolr  solutions  far  vhoals  and 
track*  ia  coasolldatad  clay  Hill  ara  baalcalir 
iwat  (Aaaca,  1J4S;  1'ffuleana  m4  (mi,  1M1), 
accuracy  1*  poor  »‘u»  iltp  tad/*r  siakagt  bo  cos*  a  appraclahl* 
{*/.  Uki  h4  ,'4iu,  13*2;  111111  at  al.,  1341).  Aad  t Jfc* 
vaserabl*  R1  aaplrlc  aouatloo  far  attlaatLag  the 
strength  of  fis*  grsiaad  aolla  (la  tarns  #f  com 
iadicas)  • loaded  for  tho  t raf ficablli ty  of  paouostlc* 
tiro 4  lakldai  uahtra,  or  at  loaot  oatastad  [bl|kt, 

IfSi),  caatiauaa  to  bo  rerisad  ragelarly  as  tka 

roalitlos  of  furtbor  rabiclaa  art  aacoMota rotf 

(o/.  Rash,  1942 ;  VXEA,  IMS;  Rash  aad  Schroiaor,  1M4). 

Of  tho  10  y#ar*oid  VU  pregraa  ia  tbo  rabid*  * 

•oil  aacbaaic*  as pacts  of  greend  nobility  r* so arch, 
as  distinct  fro*  tbalr  trafflcahll'ty  rasoarcb,  it 
caa  ealy  ho  said  that  tho  csMlatlro  rasulft  aro 
becoming  iapressire  )•/.  Creea  at  al.,  19*4; 

Proitag,  IMS)  but  aro  ossaatially  unra l id* tad  by 
design  application  or  la  ladopoadoat  fluid  trials. 

Piaally,  tho  currant  stats  of  fuadaaoatal 
tsidorttaading  of  soils  sad  soil-aahiclo  relation* 
ships  is  such  that,  dosplto  May  attoapts  bogiaalng 
la  1944  (Msrkvick),  tho  first-ordor  problaa  of 
foraulatiag  dofialtira,  accepted,  reasonably  caa* 
plots  dlaoaaioasl  aaalysos  of  rariows  typos  of 
soil'vahiclo  bobsrlor  is,  ia  offset,  still  la  ahoy* 
sac* .  Philo  this  gsp  Is  aoat  apparaat  ia  rolatioa 
to  tfgnooi*  soil 'Vehicle  rolatioaships,  thoro  is  aot 
ovoa  a  clear  consensus  oa  static  aaalysas  (Ihittall, 

1I49(  Willetts,  19S4,  hut  tall  sad  NcCooaa,  1M1;  Tlaceat 
«t  al.,  IMS;  Seboriag,  1944;  llstoa  sad  Hogedso,  1M4; 
•alllraa,  1994;  Proitag,  IMS;  Coodaaa  oc  al., 

1944) .  At  tho  root  of  tho  prod  lea,  agaia,  it  tho 
lock  of  a  validated  aad  accepted  spate*  of  soil 
raises. 


1 


A  dlseasimsl  aaalysis  i*  so  lacevolsta 

analysts,  aatheeatlcalir  staple  If  pe-foro. 

Although  it  i*  <s  indispensable  left  lit  planning 
scale-node}  taftt  ui  iaterprvtisg  their  results, 
t if  trw  lnpe**s  .1  of  «  diaoBSionsl  aatlysis  llss 
is  thv  ft.  ..not  it  daeaad»  the  f in  dt|rtf  of 
Aeai*  understanding  of  the  phaaoownoa  uit r  1 1 ady 
u  4ms  say  aort  c papists  sad  powerful  analysts  of 
venal  Tali'1  y  sad  refinement.  The  measurable 
properties  of  the  overall  sell-vehicle  systoa  us a 4 
ia  formulating  tho  ono  oust  So  identically  those 
used  ia  tho  othor.  For  this  reason,  dimensionally 
orloatod  e xperineatation,  exploiting  scale  chute 
as  a  major  coot  roll  able  variable,  caa  be  a  parties* 
larly  powerful  out  to  study  tho  validity  both  el 
ffsaril  soil 'vahiclo  concepts  and  of  proposed  soil 
value  systems.  If  tho  validity  of  a  dimensional 
analysis  caoaot  bo  satisfactorily  end  widely 
doooostratod,  aoithor  caa  that  of  aay  sort  formal 
Malysos  starting  from  tho  saao  premises. 

Ia  retrospect,  it  is  evident  that  tho  develop* 
aeat  and  vorlfcatioa  of  basic  diaeasiona)  analyses 
of  soil-vehicle  p rob  Is as  should  have  boon  the  first 
order  of  this  business.  Mach  of  the  conflict, 
confusion,  sad  lost  action  of  the  past  20  years  can, 
ia  fact,  be  traced  to  tho  foct  that  tho  relatively 
unprepossessing  dimensionally-oriented  research 
which  coaid  have  provided  Deeded  clarification  of 
the  fuadsnentsls  of  sol  1 ‘Vehicle  interaction  did 
not  receive  the  support  that  apparently  more  direct 
and  glamorous  approaches  did. 
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the  CRkintw  tkit  sock  if  the  prearat 
la  isadeoiaate  t«  calculate  accurately  the  soft- 
ground -creasing  perforaaaca  ef  vehicles,  there  are 
■®*T  bright  spots.  First,  ttttral  dlffereat 
l*r**t  1  gators  hart  shews  that  tHt  primary  toll 
ttraagtk  psrsaeteri  miuti 4  by  tht  derlcea  eapltrae 
la  tht  etreral  aystaea  -•  tht  eoae  peaetreaet ir,  t>t 
ahtar  raat ,  tht  bevaaeter  flatt/ahtar  ttattr  *•  dt 
(•rralita  re  asm  ably  well  »ith  tat  utethar  tad  with 
Ita4ar4  civil  taglattrlng  aotl  atrtagth  do  torsi  a* 
atioaa  [#/.  Jaaoal,  ItSS;  Saitb,  IM2,  19«4 ;  Osaaa,  1M4; 
kachtlt,  lf*4;  lallry  tad  »ebar,  IMS).  Sec ©ad,  tht 
••rsral  approaches  aay  bt  shove  tt  coartrgt  la 
rather  alaplo  tana  and  to  hart  6  degree  tf  corre* 
latioa  la  thtlr  aaaigaaaat  of  rtlttitt  porforaaace 
potentials  to  aa  array  of  alailar  rthlclta  which 
1*  reearkahl#  la  light  of  tht  htat  of  paat  coatro* 
raray,  aad  tht  coat laxity  of  soils,  both  real  tad 
laagiaed. 

At  aa  exaaple,  waich  will  bt  pat  to  farther 
uat  la  a  following  section,  alaplo  aoft-aoii  per* 
foraaaca  iadices  for  pneuattic*ti red  rehiclea  are 
dove loped  la  Appeadix  III,  utlliiiag  the  fsllowiag 
carreatly  published  laforsatioa: 

1)  Tht  Ekload  Nobility  Factor  (Eklund,  1945 ] 

2)  Tht  rtS  SO -pass  t raf ficsbili ty  crltoriaa 

(VMLAt  ltiS) 

3)  Tht  ns  a tad  teats  (Froitag  sad  Might, 

1H1;  Fraitagp  IMS) 

4)  Frellaiaary  ns  city  test  resalta  (Treitag., 

IMS) 

5)  Fraliainarr  first-pats  traf flciblllty 

crlterloa  (MU,  IMS) 
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i)  i\n  FY*n  oqaitic^ft  far  rtfiJ  oboola  la 
city  U’ffftlftaxn,  17  41) 

7)  rS*  ILL  toll  vilM  l^itti  a*  4  toil* 

Tfthiclft  oodoi  |liarrisoc*  at  »i.t  itSI) 

Tho  rtiiiti  i n  i^Muritid  it  Tabl*  I.  lu  tMt« 
tlapHflftd  toittiiftnt  it  It  a?paroat  tUt  ? bo ro 
it  co*tidor*blft  &ulc  coailttaacy  is  tbo  roaolts 
f fti  tbo  tovorol  lMiaally  c#*potiaf  inrtn,  In 
city  t«Ui»  all  ttMr  tbiaga  boiftg  hmI,  rodsctio* 

1*  th#  Mini  uftlt  ground  protattni  (*VC?)  of  ft  tlrft*  *111 
cloarly  cxtoad  ita  r*ag*  of  op-# r  r  1 1  o*  lato  vtutr 
iftilt  ft  Mttcr  aboso  sothoo  It  utftd.  Morooro r , 
tboro  it  acrcsa-tbft^board  t^rttatftt  that  tbo  mm 
KUCP  oft  robiclot  ia  different  tltft  riitsn  will 
roiult  in  tHft  itat  or'ft r  of  porformssc*  tf  ft ach  is 
f  1ft  14  clay  coftditioat  who ro  tho  toil  ttroagth  la 
nifoni  with  iopth.  IS#  retails  of  *13  traffic- 
ability  fiftldvork  agro»  v«il  both  qua i i tat i to ly 
ftftd  qomtitfttirft ly  with  laboratory  as4  aaaiytical 
troataants,  drspltft  tho  fact  that  tho  fiftld  tnt 
rftftulta  roflftCt  complicating  factors  toes  aa  toll 
roftolditg  ftftd  stratification.  sad  tho  «ff«ct»  of 
Mltiplo  vkftftl  boharior. 


^Arbitrarily  doflaoft  Uro^tkort  till  r«yort 

•  iftply  aa 


*U0?  •  ftj/br  (ixi-oa) 

abort  Vj  *  tT#r»|»  load  oa  a  slaglo 
tiro  <lb) 

b  •  maftoflftttoft  tiro  aott*oa 
vUtl  (iaJ 

ftftt  r  •  0/2  •  aadofloetoft  tiro 
ootalto  radios  (la.) 


Si 


la  («•<!•  ia4  ***dr  itJSf  it  «f«ie 

t k«  coKtrolltaf  factor.*  Thar*  la  ala*  ajra** 

Mti  that  la  that*  loll  tff*»  Jarfar  v*alcl*»  (sr 
larfar  tlraa)  moj  errata  rt  hi  ((war  aotalaal  ualt 
lca^taja  wttkaat  loaa  la  parfonrisc*  ralatlr*  t» 
aaallar  mhlclaa  (or  tlraa)  at  corr*ap*ft4L*f  1/ 
lavtr  loadlaja, 

Th*  raawlta  ar* ,  *f  caana,  la  jaaaral  »fr*a* 
am  with  **ar  jnfcll»h*4  ilanilaul  uulftai, 

•  tartUj  that  hr  Markwlck  (ltd],  which  tara 

frtftid  that  aarlaaa  4*p*m4**t  41aaa*l*al*aa  par  * 
farauca  aaaaaraa  *f  a  wheel,  or  tlra,  or  track,  la 
Mila,  »»ch  aa  drawbar  pall  rati*  O/Y)  or  alakag* 
rati*  (*/4),  war*  fuactleaa  *f  the  a*ll*rahicl* 

•fatawj  aMMrlcs 

W/Ci*#  w/jd*9  ♦  *• 

plea  some  dftuic  terms. 

They  also  cametitute  a  soumd  ud  useful  design 
teel,  whether  they  lemd  Ukimlftt  tt  elaborate 
systems  analyses  or  cot*  As  e  matter  of  fect9  AT  AC 
has  utilized  a  nominal  umit  irouad  pressure  which 
Is 

*UurA?AC  *  1.1  MVCf 

lm  vehicle  deeigm  specification  u4  stadias  fer 
several  year*  [of,  1£FD  62-li,  1M2;  Ifhtel  Track,  11431* 

*?he  vtlMoctasmtl  fact  [of*  Xtl«a4»  19k?;  Shields,  195*1 
that  tire  AeflttHoa  ple/e  a  aejor  role  ie  the  per* 
forsscit  of  tires*  particularly  la  eea4.  is  aer*«mte4 
fer  la  settles  »y  the  iadleee  (Apr*  III)  hy  uitaUf 
that  ell  tlree  are  epereted  at  a  Jefleetlea  efwel 
te  29  pereeat  of  aeetloe  height* 

••e  •  sell  ceheeloei  y  •  tell  ieesltyi 
♦  •  smile  ef  latere  el  frletlee* 


Tmt_j 

Pf  l/'rT  rt»»*«t«*jari  ffiffM 

•<•  tl  ft*  4«1«IU 


mu  "tn 


•  »mw  •)  •  I  aat  m  •  »im!i  ii r#  Mil, 

I  •  II ra  till  III), 

Ml  9  •  4t 1  •  MMflMllI  Mfl  MltlM  rMIM. 

•  ■tllMI  *MMIM  if  III!  II  m|«I  Mlltll  till  fttl  Militia  ItMtat 
It  MM#ti«>ntlk  Hail,  aa rtit fti- 1 1  a*  iimiita. 

•  itlllM  •»!»*#«  lift  HIM  II  Hill  lllllll  till  )«M  •llallll  HHwy 
It  MMMUnlal,  Inti,  ilMliii-llaa  aftMllM. 

•  lltlMt  IHrait  tttlM  MM  llltl  tr  fltlt  ftt<  it  tl  Mill  MlUU  till 
*a  ttlt  it  tut  a  iitttM  tf  It  fMtaa  It  It*  i««  raia  It  MMitHMMi 
Itaal,  tlralaftt-lla*  aatrallaa, 

«  aitlaaa  t*« a m«  vmIi«  mm  itita  tf  Mali  atilt  tl  ttlt*  tttltftt  till 
lata  M  tt&t  it  talMtia  taataar  la  tttttt Itttati .  Itaal,  tivtlttt* 1 1 ta 
tfMMIIt. 

•  tfattat  tt  1 1  tataltltttf  la  talttiat  a  at  it  laat  (a  •  t.l,  t  •  •  «l, 
la*  |  •  t.lll  at  atltt  aatiaia  till  jaat  ta  ttlt  ta  ttltftaftt 

It  MMM|Mila4.  Ia*al,  ttrtl#*  t*  1 1  tt  *»*ralta* 

a  Itatpta  Itlatl  tail t I If  Ntltt  (ta4tfU4  tat  at  I  I  a  h  ratal  >  atl  t*  It 
Itt  ralla  tf  Mlaii  lira  laaalat  *•  tattttfta*  hiipm  laat  I  at  tartaat 
frit  aaatltat  t*  r  f  traaata  tat  lira  taataaa  aaaa » tt  rat  I  aat ,  f  rat  tat 

a  ft  at  I  ittittltt  ta  #*tr  Itttat  ftlra  aat  itaa  i*a  taataaa  aM»raat 
ftarnrtiaaa, 

a  ftraaita  t  rat  Itt  ft  «t  aaaa  latat  tf  t  tat  at.  Mail  it  1*4*  larar  at  Hiaft 
raft  la  It  till  jatl  V*  ttlt  it  aaltialt  ftaatva*  it  aaaaaa  iaraiat ,  lata  ft. 
tartl«tl-llaa  taartilta. 
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.  .  .  and  for  Tricked  Vehicles 

The  situation  with  the  soil  mechanics  of 
tracked  vehicles  is  generally  similar.  Although 
tha  theoretical  problem  is  sicpler  at  the  level  of 
a  first-order  solution.  It  is  nonetheless  complex 
beyond  this  point.  At  the  moment,  precision  of 
quantitative  predictions  of  tracked  vehicle  per- 
fonaance  in  weak  soils  is  low,  particularly  in 
critical  situations  where  sinkage  and  slip  are 
high  and  bellying  incipient  [Wheel  Track,  1963]. 

Available  first-order  analytical  methods  for 
calculating  the  performance  of  tracked  vehicles 
[Bekker,  1963;  Evans,  1964;  VMEA ,  1965]  show  that, 
as  with  tires,  simple  nominal  unit  ground  pressure 
(NUGP)  overwhelmingly  controls  the  basic  level  of 
performance  of  practical  vehicles.  Both  Evans 
(1964]  and  WES  (in  their  mobility  index  calculations 
for  estimating  tracked  vehicle  trafficabi li ty 
requirements  [see  VMEA,  1964])  include  elements  in 
their  equations  which  reflect  the  less -than-ideal 
pressure  distribution  which  occurs  under  a  track, 
but  in  practice  these  have  but  smell  influence 
upon  the  calculations  of  ultimate  go,  no-go  soil  limits. 

Micklethwait  [1944]  is  generally  credited  with 
being  among  the  first  to  point  out  that,  due  to 
track  flc/ibility  and  the  manner  in  which  the 
vehicle  weight  is  transferred  to  the  tracks  through  the 
road  wheels  and  suspension,  actual  pressures  under  a  track  may 
vary  widely  from  the  nominal  or  average  pressure. 

Shortly  after  Micklethwait  made  his  observation, 
tests,  in  which  the  behavior  in  soft  soils  of  a 
standard  vehicle  was  compared  to  that  of  the  same 
vehicle  fitted  with  a  crudely  girderixed  track, 
demonstrated  the  validity  and  potential  importance 


*rm 


of  this  f  i  c  t  (Giles,  1 9  4  S  J .  Later  Bekker  elabo-- 
rated  further  upon  the  »atter  [19S6]  and  numerous 
other  investigators  since  have  reconfirmed  it  in 
experimental  investigations  [of.  Uffel^ann,  19SS; 

Little,  1962;  Freitag,  1965;  Sofiyan  and  Maximenko, 

196  S  J  . 

However*  acceptable  mechanical  means  to  pro¬ 
vide  effective  track  gi rderixation  when  needed  and 
still  to  allow  the  flexibility  required  at  other 
limes  have  not  been  forthcoming.  In  practice  it 
is  accordingly  a  question  of  a  trade-off  between 
maximum  soft-ground  performance  and  aany  other 
performance  and  mechanical  problems.  The  result  is 
that,  despite  their  demonstrated  disadvantages, 
flexible  track  structures  have  prevailed  for  all 
but  slow  speed  machines*  The  feasible  design 
choice  has  rather  been  between  the  use  of  a  small 
number  of  large  wheels,  which  are  favorable  from 
ride,  obstacle -crossing  and  mechanical  viewpoints, 
and  a  larger  number  of  smaller  wheels,  to  provide 
more  nearly  uniform  track  support,  as  successfully 
done  on  the  WWII  Weasel.  The  compromise  of  using 
large,  overlapping  wheels  (such  as  was  done  on  the  German 
WWII  Panther  tank  --  for  other  reasons)  imposes 
both  severe  mechanical  problems  and  performance 
difficulties  in  heavy  soils  which  pack  into  th* 
interleaved  suspension  elements,  and  is  considered 
impractical.  Perhaps  sene  of  the  air-supported 
track  ideas  nov  under  study  [of.  PATA,  1966]  may 
offer  the  long-awaited  solution,  at  least  for  light 
vehicles.  In  the  meantime,  the  situation  is  a 
textbook  illustration  of  the  compromises  which 
must  regularly  be  made  in  the  design  of  any  off¬ 
road  vehicle. 
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Reece  has  recently  pointed  out  that  existing 
track  (and  wheel)  analyser  h«»*  boon  incomplete  in 
ignoring  t ht  development  of  what  he  has  termed 
"j  lip  s inkage"  (  1964,  196S,  19**].  To  He 
realistic,  calculation*  of  sinkage,  and  hence  of 
Motion  resistance,  must  alio*  for  the  fact  that  at 
high  tractive  loads  the  supporting  capacity  of  the 
soil  under  the  vehicle  is  seriously  reduced  by  the 
simultaneously  applied  tractive  shear  (see  also 
Tong  and  Osier,  1966).  In  addition,  as  In  the  case 
with  wheels,  there  i.«s  thus  far  been  no  serious 
treatment  of  the  track  problem  Including  soil 
dynamic  reactions  or  other  aspects  of  the  complete 
soil-vehicle  dynamic  picture.  Finally,  again  as 
for  wheels,  the  soil  mechanics  of  tracks  is 
fragmented  by  lack  of  an  accepted,  validated  soil 
value  system. 


Vehicle-Soil  Mechanics  ••  Directions  for  the 


As  the  master  link  in  the  chain  of  terrain* 
vehicle  relationships  needed  to  permit  the  valid 
application  of  systems  approaches,  and  particularly 
in  relation  to  these  needs,  much  remains  to  be 
done  in  vehicle-soil  mechanics,  knight  and  Freitag 
(1964)  have  properly  suggested  that  future  research 
must  be  more  objective  than  that  o*  the  past.  This 
is  primarily  the  responsibility  of  those  working  in 
the  field,  but  they  would  be  greatly  aided  by  more 
serious  efforts,  direct  and  indirect,  to  validate 
their  theoretical  and  laboratory  findings  by  care¬ 
ful  field  test  work. 


And  it  is  still  not  too  l»te  to  undertake  the 
careful,  painstaking,  uncommitted  dimensional 
research  which  would  realign  the  foundations  of 
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the  entire  vehicle  soil  necnamcs  structure,  A 
properly  designed  program  could  go  a  long  way 
toward  establishing  the  single  accepted  soil  value 
system  which  has  thus  far  proven  so  elusive,  and 
beginning  study  of  the  practical  aspects  of  soil- 
vehicle  dynamics* 

Young  has  recently  called  the  attention  of 
sol  1 -vehicle  workers  to  a  powerful  method  to 
handle  the  Mdi s tortions '  which  must  occur  in 
attempting  to  work  with  models  in  real  soils  having 
both  cohesion  and  friction  (196$,  1966).  This 
problem  was  recogniied  from  the  beginning  of  soil* 
vehicle  m^del  considerations  by  Hsrkwick  [194*;*  It  has 
bedeviled  ruch  of  the  work  since  (<?/.  Liston  and  Hegedus,  1964  ; 
Hegedus,  *96S;  Goodman  et  al*,  1966;  Goodman  and  Hegedus,  1966; 
Kill**  196^  ,  Reaves,  1966)  and  led  to  a  needlessly 
gloomy  outlook  on  the  possibilities  for  the  use  of 
scale-modeling  as  a  practical  design  tool  (rather 
than  a  tool  for  theoretical  work)*  Others,  of 
course,  have  been  more  sanguine  and  have  proceeded 
accordingly  [of.  Nuttall,  1949  ;  Me  Even  and  Willetts,  1955  ; 
Nuttall  and  McGowan,  1961;  Schuring,  1964,  1966;  Schuring 
and  Erori,  1964;  Emori  end  Schuring,  1965,  1966)* 

The  distortions  involved  in  practical 
vehicle-soil  scale-model  work  are  outlined  in 
Table  II,  taken  from  Nuttall  and  Ralmond  (1956). 

This  table  also  illustrates  soae  of  the  possi¬ 
bilities  for  exploratory  experimental  study  of 
vehicle-soil  dynamic  relationships  which  the 
dimensional  approach  opens* 

Aa  another  basis  for  further  progress,  the 
recent  suggestions  of  Reece  bear  moat  careful 
consideration  (196S)*  He  has  proposed  that  the 
vehicle  soil  mechanics  problem  be  treated  within 
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the  f racework  of  engineering  soil  mechanics  insofar 
ss  possible,  introducing  dimensionless  semiempiric 
elements  only  ss  necessary  to  deal  with  srch  things 
as  unconsolidated  soils,  extreme  stratification, 
dynamic  properties,  etc.,  which  are  peculiarly  of 
interest  in  soil-vehicle  work.  Implicit  in  his 
proposal  is  a  return  to  the  accepted  soil  value 
sys tew  of  civil  engineering  soil  mechanics  and  to 
dimensionally  sound  basic  equations.  In  that  respect, 

Reece  s  proposal  l *  net  new,  c  f  course.  The  sc\eral 
systems  extant  each  started  out  m  one  degree  or 
another  to  do  just  this. 

W*ile  these  technical  objectives  are 
important,  the  problem  of  motivation  is  probably 
even  more  so.  Workers  in  vehicle  soil  mechanics 
are  handicapped  by  a  long-standing  and  continuing 
lack  of  responsibility  for  the  correctness  of  their 
work.  Until  recently,  vhere  has  been  no  use  or 
demand  for  greater  precision  than  provided  by  the 
approximate  methods  they  have  developed.  There 
has  been  no  feedback  from  practical  design  success 
or  failure  that  could  be  directly  related  to  the 
adequacy  or  inadequacy  of  their  vehicle-soil 
models.  Accordingly,  every  man's  answer  has  been 
as  good  as  the  next's,  and  correctness  or 
adequacy  has  tended  to  he  judged  by  the  number  of 
integral  rigas  in  published  papers.  The  blame  for 
this  situation  is  shared  in  many  places.  However, 
a  solution  which  could  benefit  the  entire  vehicle 
design  and  R4D  process  appears  to  lie  within  the 
organizational  framework  which  governs  the  conduct 
of  military  vehicle  design. 
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(Lockheed,  1964) 


f '  t  h  c  r  Ay  reefs  of  T  err  a  i  n  -  v b  i  c  I  e  £_h  n  ’  r_v 

.  .  .  Pourlines* 

The  dvnamic  behavior  of  a  vehicle  one nt  me 
O'.,  a  strong,  hard  surface  of  Vnown  geometry  can 
be  calculated  tc.  a  high  precision  bv  the  method* 
of  engineering  mechanics.  The  elements  of  the 
problem  arc  the  geometry  of  the  surface  and  of 
the  vehicle,  the  mass  of  the  vehicle  and  its 
distribution,  the  articulation  of  its  parts,  the 
elistic  and  damping  characteristics  of  its  struc¬ 
ture  and  running  gewr,  and  the  coefficients  of 
traction  of  its  running  gear  on  elements  of  the 
surface.  Complexity  of  vehicle  geometry  and  ',rten 
cf  surface  geometry  makes  this  a  problem  for 
computer  solution,  hut  the  fundamental  couatiors 
arc  known  and  need  no  particular  research.  The 
occu“acy  of  the  results  depends  entirely  upon  the 

detail  with  which  the  vehicle-surface  system  is 
modeled  and  the  accuracy  with  which  various  dynamic 
constants  are  assigned  [Smith,  19651 . 

While  the  behavior  of  any  given  vehicle 
operating  at  a  given  speed  on  a  given  stretch  of 
hard  surface  is  fully  determinate,  thp  problem  of 
surface  roughness  and  its  effect  upon  vehicle 
'ride”  lends  itself  rather  to  statistical  treat¬ 
ment.  This  approach  has  been  under  study  for  some 
ten  years,  primarily  by  Cote,  Kozin,  and  Bogdanoff, 
who  are  currently  summarizing  their  work  in  the 
Journal  of  ftrramtehaniet  (four  parts,  starting  with 

Vol.  2,  No.  2,  1965:  see  also  Holland  et  al., 

1965).  It  is  an  iaiportant  extension  of  related 
studies  in  automobile  engineering,  communications, 
seakeeping,  and  road  and  airfield  work. 
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For  purposes  of  statistical  trtitaent,  tbs 
surface  is  considered  to  be  a  weakly-  stationers 
random  process  and  may  be  specifiable,  accordingly, 
in  power  soectral  density  (PSD)  tents.  The  PSD 
then  becomes  a  relatively  simple  descriptor  of 
what  is  in  practice  a  highly  complex  surface. 

The  power  of  the  PSD  approach  is  that,  within  a 
range  where  the  vehicle  vibratory  systee  Bay 
reasonably  be  considered  linear,  the  vibrational 
notions,  accelerations,  etc.,  of  a  vehicle  operating 
cn  the  surface  are  relatively  simple  vehicle 
dependent  functions  of  vehicle  speeJ  and  of  the 
PSP  of  the  surface . 

Other  work  has  de*onst rated  that  hur*o 
responses  to  continuous  random  vibration  may  also 
be  quantifiable  as  relatively  simple  functions  of 
the  PSD  of  various  elenents  and  components  of  those 
vibrations  (Hanamoto,  1964),  Since  it  is  predi¬ 
cated  in  terrain -vehicle  studies  that  speed  of  an 
off-road  vehicle  in  moderately  rough- tc rrain  is 
limited  primarily  by  the  tolerances  and  judgments 
of  the  driver,  the  PSD  approach  to  describing 
terrain  roughness  has  a  relatively  short  and 
direct  linkage  to  off-road  speed.  Van  Pusen  has 
suggested  that  the  linkage  may,  for  design 
purposes,  be  shortened  still  further  by  considering 
the  vibration  characteristics  of  the  vehicle  wnen 
subject  to  a  "white  noise"  input  (which  is  an  iziput 
having  a  constant  p oarer  r~er  a  wide  range  of 
frequencies)  rather  than  the  actual  terrain  PSD, 
and  relating  vehicle  response  to  human  response  in 
three  critical  frequency  ranges  (1965). 

There  is  presently  considerable  concern  to 
establish  precise  human  comfort,  tolerance  and/or 
related  judgment  criteria.  Approaches  range  from 
the  use  of  simple  accede rrv  jx  limits  [Aspinwall  and 
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Olirtr,  1964;  1944;  lottnbwrf  in d  *jrtiu- 

chwnko,  1966  ]  t^r<x.$h  virioMt  cUttiltd  f«ctorin|» 
of  th#  tot»i  vibration  tnviro«»#nt  into  PSD'a  of 
varioua  eowr'onvnts  (^ana*oto,  1964;  Cnaitn, 

196  5  )  ,  to  in  overall  ’absorbed  po**rM  coacapt 
rtctntly  propo$#d  by  Praako  tt  al.  (196S,  1966}f 
which  owployj  PSD'a  of  tht  vibrational  tnviro«*»*nt 
directly.  Incidentally,  Berllet,  th#  French 
designer  of  large  off-road  truck*  in  u*«  in  th# 
Sahara  contidars  that  th#  ioegltudinal  vibrations 
of  th#  driver  ar#  Boat  discrininating  (1964), 
whereas  ao*t  of  th#  work  in  this  country  ha*  been 
conc#m#d  largely  with  vertical  notion*  and 
accelerations.  Any  criterion,  however,  i*  going 
to  b#  statistical  in  nature  and  variable  to  sob# 
extant  with  the  physique,  condition,  and  flan  of  the 
driver,  so  that  the  practical  us#fula#ss  of  develop* 
in|  high  precision  in  this  area  appears  United. 

In  i unary ,  naans  exist  to  characterize  a 
given  stretch  of  terrain  of  complex  roughness  in 
relatively  slaple  terms,  although  th*  field  and 
analytical  net  hods  are  quite  complex.  Mean  to 
convert  this  type  of  information  into  actual 
vehicla  behavior  at  any  speed  exist  at  all  lavels 
of  precision.  And  finally,  reasonable  erasures  of 
tha  human  tolaraaca  limits  which  will  ultimately 
control  operating  speeds  have  been  developed.  From 
th#  viewpoint  of  deaign  calculation,  th#  systea 
appear*  adequate  and  complete.  Lacking  ar*  th* 
order*  of  magnitude  of  FSD 'a  which  may  reasonably 
be  expected  in  terrains  of  various  kinds .  Accord* 
ingly,  such  further  work  ia  this  sector  of  th# 
torrain*vshiclo  relationship  p rob lorn  as  is  needod 
is  largely  In  th*  area  of  oarironnontal  research, 
to  classify  terrain  in  netningfml  tares  and  to 
oatablish  F3D  ranges  associated  with  aach. 
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While  tha  terrain  roughnass  problan  Is  usually 
discussed,  as  abova,  in  tanas  of  human  tolerances, 
it  also  has  profound  and  perhaps  even  aore  l^jortant 
use  to  the  designer  in  establishing  the  fatigue 
stress  envlronaant  within  which  the  vehicle  as  a 
whole  or  any  of  its  corponents  aust  survive. 
Suspension  components,  of  course,  are  aost  sensi¬ 
tive  to  variations  in  speed  and  accordingly  their 
detailed  design  'an  benefit  aoat  from  this  type  of 
terrain  quantification  [a/.  Blythe,  196 S ) .  Kota 
however,  that  even  here  the  huaan  component  is 
important.  Rational  design  should  oovlously  be 
based  upon  realistic  estiaates  of  operating  spead 
in  terrains  of  varying  severity,  and  these  in  turn 
are  a  matter  for  the  tolerance  and  Judgment  of  tha 
driver,  who  responds  to  the  behavior  of  the 
coaplete  vehicle  as  he  senses  it  at  the  driver's 
seat  and  controls. 


.  «  .  Obstacles 

Those  geoaetric  features  of  the  surface  which 
are  too  large  in  relation  to  the  site  and  perhaps 
the  speed  of  a  vehicle  to  be  included  reasonably 
la  the  statistical  description  of  the  terrain  aust 
be  treated,  beth  by  the  driver  of  the  vehicle  aad  by 
the  analyst,  one  et  a  tine,  as  obstacles.  These 
Include  such  things  as  boulders  and  stops,  along 
with  nore  continuous  features  such  as  drainage 
ditches,  ainor  scarps,  ate.  The  problem  is  both 
qualitatively  aad  quantitatively  eell  understood. 
While  in  marginal  casts  tone  vehicle  dyaaaics  are 
involved,  sisple  static  analyses  such  as  first 
offered  for  conventional  wheeled  vehicles  by 
Kattig  and  Better  [19S«]  will  often  safflee  from 


61 


i. 


« 


4 


C 


4 


4 


I 


a  da » 1  pi  viewpoint  to  establish  the  first  erdar  x?#  no-jo 
aspacts  of  the  vvhicla -terrsin  rei.f  onship. 

Slmilai  (anaralitad  static  studias  cn  the  ubstscla 
climbing  abilities  of  articulated  whaalad  vehicles 
and  of  skld'tteered  tracked  machines  hare  recently 
baan  publisheo  by  Jindra  (1966)  and  Janosi  |1366], 
respectively .  Tha  dynamic  aspects,  such  as 
dramatically  investigated  by  Smith  [19tSj  in  the 
course  of  demonstrating  the  validity  of  aa  overall 
vehicle -terrain  dynamic  model,  are,  however, 
potentially  valuable  in  establishing  maximum  stress 
levels  for  which  components  must  be  designed. 

Sasic  vehicle  indices  of  the  potential  to 
deal  with  obstacles  on  firm  surfaces  are  such 
simple  things  as  angles  of  approach,  departure, 
and  break,  ground  clearance,  euspeasion  compliance, 
dynamic  claaramcaa,  ate.  Current  work  at  f ES  with  yielding 
obstacles  («f.  CohrOn  and  farmer,  1964}  brings  into  the 
problem  seek  additional  comaideratioos  aa  the  traction 
available  to  a  vehicle  and  the  strength  of  the 
materials  which  compose  tne  obstacle.  Yhile  some 
rough  rstoes  for  estimating  the  magnitude  of 
effects  cf  this  sort  should  be  available  to  the 
vehicle  designer,  detailed  elaboration  would  not 
appear  profltebla. 

The  tame  may  be  said  for  considerations  of 
speed  of  ope ratio*  in  fields  of  obstacles  such  as 
forests,  flS  wort  (Cobrom  aad  farmer,  196*}  has 
demonstrated  that  under  idealized  conditions  the 
maximum  feasible  speed  of  a  gleam  vehicle  (with  a 
given  driver)  is  a  relatively  simple  fraction  of 
the  mean  spacing  of  the  trots  la  relation  to  the 
site  of  the  vehicle.  Ia  practical  situations, 
however,  such  factors  as  risibility  ia  rolitioa 
to  spottiag  obstacles  sad  naiat lining  a  desired 
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court*  will  usually  altar  this  basic  relationship 
bayoni  recognition.  Accordin|ly#  hifhly  datrilad 
fxposls  of  this  kind  of  actio*  can  ba  of  only  littlt 
practical  usa  to  tha  vahicla  dasignar.  Othar 
aspacts  of  tegatatiou  par  i#(  such  as  thair 
indirect  influanca  upon  traction  and/or  risibility 
would  seen  to  till  in  tha  tana  category.  « 

Past  Usas  of  Tarrain^Vahicla  Ttchnologr  in  Dasiyn 

Tha  direct  usas  to  which  current  tarrsin- 
rahicl*  tachnology  hsva  baan  put  sre  quit#  liaitad. 

Such  things  as  nominal  unit  ground  pressure*  anglas 
of  approach  and  daparture,  ground  claarancas  ,  *tc.. 
h»r»  been  of  concern  to  off-road  vehicle  des igners 
for  many,  many  years  [af.  TM  9 -1 100 ,  1943 ] .  Inso¬ 
far  as  terrain-vehicle  research,  and  eore 
especially  vehicle  soil  skIuIcs  research,  has 
lap roved  general  understanding,  it  has  b«ea  of  sow 
velu*.  However,  the  period  of  the  research  has 
also  beta  a  period  of  increasing  awareness  of  off¬ 
road  nobility  probleas  generally,  so  thst  the  net 
effect  of  the  reseerch  per  ee  in  this  regard  may 
actually  be  negligible. 

Prof.  V.  F.  luchele  (Itaiv.  of  Iowa}  haa  suggested  that 
one  reason  for  the  slow  spread  of  no re  refined  aethods  and 
concepts  aay  be  thst  "the  designer  tends  to  use 
what  be  learned  in  school"  (1954).  Perhaps  still 
•ora  basic  is  the  fact  that  the  terrain -van icle 
research  has  demonstrated  that  the  performance  of 
a  vehicle  of f -road  is  overwhelmingly  determined  by 
its  fora  and  scale  in  relation  ta  mature  and  is 
hut  little  influenced  by  overall  ulner  details 
and  gadgets. 
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ag tin  *rsd  agsm  that  no  major  faint  c an  be  made  in 
the  off-road  mobility  of  f round -crawl inf  machines 
without  major  changes  in  overall  vehicle  for*  or 
configuration.  There  is  no  cheap  war.  There  art 
no  gimmicks  whicn  will  endow  a  standard  6x6  truck 
with  tht  modest  soft-soil  performance  of  an  M11J 
APC. 

Tht  basic  level  of  mobility  of  a  new  rehlcle 
is  accordingly  fixed  very  early  in  its  design , 
frequently,  in  tha  military  cast,  in  tha  datailtd 
statement  of  "requi  rements  H  bt fort?  "the  designer" 
puts  a  lint  on  ptptr  (of.  Tuttle,  1964],  Tht 
designer  --  in  this  cast  tht  enfinttrs  and  drafts¬ 
men  seeking  to  meet  tht  requirasvnts  in  a  place  of 
working  hardware  --  understandably  has  littla 
practical  intarast  in  tha  broad  generalized  results 
of  the  terrain -rthicle  research  to  data,  which 
relate  largely  to  the  for*  and  fundamental  outlines 
of  the  design.  Scope  for  the  designer's  efforts 
is  largtly  limited  to  getting  the  last  few  percent 
of  performance  within  the  tignt  and  sometimes 
unreasonable  limits  which  hare  beam  handed  him. 

The  research  to  date  simply  has  not  dealt  with  this 
lerel  of  detail,  where  fundamental  considerations 
show  there  is  no  scope  for  significant  i  mproremects . 

Such  use  as  has  been  made  to  date  of  terrain- 
vehicle  research,  and  cf  rabid#  soil  smchtnlcs  in 
particular,  has  been  is  a  few,  relttlrely  recent 
design  and  concept  studies  for  tue  military.  These 
studies  tre  an  important  early  a:ap  in  tie  orerall 
process  by  which  new  vehicles  arm  errmtually  pro¬ 
duced,  and  are  one  appropriate  place  for  terrain- 
vehicle  inputs  to  the  design  process.  AfAC  has 
demonstrated  use  of  the  III  systr*  la  itch  studies 


(Harrison  at  il.,  19 S9]  tad  In  gene  rallied  opa ra¬ 
ti  oral  stud'ss  (Lucaa,  1961],  They  alto  new 
regularly  use  this  method  to  compute  the  toll 
performance  of  propoaao  new  vehicles  for  compari¬ 
son  kith  axiating  vehicles  of  know  performance 
[of.  Moore,  196S;  Arno  aftd  Bischoff,  1961] .  In  much 
the  same  manner,  tha  British  FVJU5E  la  reported  by 
F.  L.  Uffelaann  (1964)  to  aeke  some  liaitao  uaa  ot 
Evans’  trucked  venlclf  aquations. 

Chrysler  haa  eaployed  tha  LLL  calculation 
procedures  in  aersral  concept  studies  of  tactical 
trucks  [of.  Jonas  and  Lett,  1963;  Lett,  196S],  one  of 
which  led  to  tha  development  of  tha  XM410E1  2-1/2- 
ton  8*1  (Moore,  196S ] .  Dugoff  at  al.  used  a 
broad  base  of  vehicle  soil  mechanics  iadice?, 
similar  to  those  developed  in  Appendix  III,  ia  a 
study  of  "coupled-aobillty-devices"  (1964],  A 
recent  published  txai^le  of  the  uaa  of  soft-soil 
performers  calculation  procedures  (both  LLL  and 
*ES)  was  ia  **Yicksburg  Mobility  Exercise  A" 

(TMEA ,  196S],  in  which  a  beginning  was  a ado  at 
studying  the  trade-offs  possible  between  inherent 
vehicle  off-road  capability  and  various  sodas t 
levels  of  engineering  support  effort.  Rymiszewski 
haa  recently  utilized  a  computer  to  develop  curvet 
showing  tires  cad  tire  cogitations  expected  to 
produce  equivalent  perforaanca  in  soils  according 
to  current  LLL  theory  (1966].  These  should  find 
vide  use  in  future  design  studies. 

The  AXPA/Bushipa/Chrysler  Marsh  Screw  ia 
considered  by  B.  D.  Jones  of  Chrysler  to  have  been 
generated  ia  relatively  free  response  to  a 
fractionally  stated  operational  need  tad  associated 
nvironaoatal  information,  although  nemo  of  the 
terrain-vehicle  calculation  procedures  radar 
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discussion  were  tp »cl x l cal  2 y  employed.  Jones 
points  out  that,  by  and  1  arge,  use  of  environ- 
mental  information  in  the  design  of  general  purpose 
vehicles  has  until  new  bean  largely*  ^intuitive" 

(1964)  a 

On  a  far  sore  modest  level,  as  noted  earlier, 

ATAC  fro*  time  to  time  haj  used  a  simple  NUCP 
specification  in  outlining  the  objectives  of 
various  design  studies  of  both  wheeled  and  tracked 
vehicles:  and  Buships,  in  designing  their  wheeled 
amphibians,  etkes  use  of  the  Eklund  tire  load 
inflation  schedules  for  selecting  tires. 

Meanwhile,  back  at  the  moon,  NASA  has  accepted 
the  ILL  system  as  a  basis  for  designing  and  evaluating 
potential  moon  vehicles  [Worg  and  Galas,  1966],  In 
surprising  contrast,  it  is  reported  that  although 
General  Motors  received  the  prime  U,  S.  contract 
for  work  on  the  Main  Battle  Tank  for  the  1970’s 
(being  developed  by  the  U.  S.  Army  in  cooperation 
with  the  Anry  of  the  Federal  Republic  of  Germany) 

[Army,  May  1965;  Ordnance ,  May-June,  1965],  they 
have  not  utilized  their  in-house  capability 
at  the  Defense  Research  Laboratories  in  this 
effort , 

Finally,  in  relation  to  commercial  vehicles, 
there  has  been  almost  no  use  of  formal  terrain- 
vehicle  methods.  The  known  exceptions  are  such  use 
as  Roger  Gamuant  made  of  the  LLL  methods  and  con¬ 
cepts  in  the  process  of  designing  his  pacesetting 
Gama  Goat  [/oirna!  of  Terre  * kanioe ,  Vol*  1,  No.  1, 

1964]  (ultimately  for  sale  to  the  military);  lerr’s 
lomg  use  of  the  Eklund  formulas  in  selecting  tires 
for  equipment  for  the  Arabian  America*  Oil  Company  (AIAMCO, 
1953]  for  use  in  Arabia  [Kerr,  1950,  19S5,  1956];  the 
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crude  loading  and  scaling  concepts  which  guided 
the  design  of  the  nui keg -going  vusk-Ox  for  Isrperial 
Oil  (The  'son,  1961];  and  .r if f icability  studies 

nade  during  the  development,  under  the  aegi* 

Canadian  pulpwood  industry,  of  the  current  success¬ 
ful  line  of  Mchanixed  pulpvood  transport  machines 
[Boyd,  1962] . 

There  is  clear  recognition  of  the  need  for 
terrain -vehicle  understanding  and  sound,  organized 
terrain  data  in  the  limber  and  pulpwood  industries, 
as  evidenced  by  numerous  papeis  cn  the  subject 
presented  at  a  meeting  of  the  International  Union 
of  Forest  Research  Organizat ivns  (Section  32: 
Operational  Lfficiency)  in  Montreal  in  1964.  Khilt 
it  is  discouraging  to  see  that  this  commercially 
:entcd  group  appears  to  be  largely  unaware  ot  the 
status  of  pertinent  work  already  underway,  it  is 
consoling  to  see  that  their  independently  conceived 
approach  closely  resembles  that  already  undertaken 
[Stromnes,  1964;  Putkisto,  1964]. 
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cjm.vT  military  v:hicles 

Despite  the  hut  and  c rjr ?  there  hart  b tan  measurable 
i^jrovtments  in  the  off-road  mobility  of  many  of  our 
Military  vehicles  over  the  past  2S  years.  Moreover,  these 
have  usually  been  accompanied  by  significant  isprovemeats 
in  rough  terrain  speed,  durability,  reliability,  and 
perhaps  staintaioability,  and  in  overall  logistic  economy. 
The  current  generation  of  tactical  trucks*  with  which 
the  Army  is  now  considering  reequipping  itself  [Sisson, 
1965]  in  fact  represents  a  considerable  advance  over  the 
standard  equipment  it  Might  replace.  All  are  sviners. 
Cross-country  speeds  in  rough  terrain  have  been  roughly 
doubled,  overall  dlMensions  reduced,  cargo  areas 
increased,  and  lubrication  operations  raduced  [Moore, 

196S]  • 

The  appearance  of  atasis  is  due  to  three  factors. 
First,  the  Any,  in  the  past  at  least,  has  limited 
itself  for  sound  financial  and  logistic  reasons  to 
reequipping  itself  with  ground  vehicles  (including  tank 
weapons  systems)  upon  a  cycle  of  approximately  tern  years. 
Second,  and  for  not  so  sound  reasons,  the  peacetime 
development  cycle  for  military  vehicles  frost  the  first 
gleam  of  a  requirement  to  the  time  when  vehiclei  pur¬ 
porting  to  meet  it  reach  the  field  Is  approximately  six 
years,  and  hjis  been  as  muc  t  as  ten  or  more.  And  third, 
the  soft-ground  mobility  of  various  olaaaee  of  standard 
tracked  vehicles  has  indeed  mot  materially  changed. 


I  • 


/ 


m 


'-5  -  • 

V*.*^  A. 

-Y*  v>,  # 


Vehicles 

Tb.  soft-soil  ptrforn.net  indicts  destlop^ 
in  Appendix  III  and  sonmrixad  in  Tablt  I  of  tht 
prtcading  section  wort  tuad  (in  their  original 

•1*561  i-l/k-to*  6x6,  ZXiXOXl  2-1/2-toa  0x8. 
and  ZX6;6  5-toa  0x8  [AMC  TIB  CD-10,  S«p,.  IX,  1963]. 
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fora  whan  possible)  t o  evaluate  tbe  «aft  toll 
nobility  ef  the  standard  tactical  track  family  if 
VTlI.that  of  the  1310*1?$}  period,  sad  the  Raw 
faailr  which  is  aow  cowing  lato  belag.  The  mvitt 
arw  suaaarlted  to  Table  III,  tad  aro  typified  by 
the  graphic  presentation  of  the  results  for  2*1/2* 
to*  truck*  show*  la  Figure  1.  The  tail#  and 
figure  also  include  calculated  ladlcos  for  a  grwsp, 
of  vehicles  oxlatiag  (or  aooriag  existence)  which 
haw*  atlll  grestvr  j?ft  ground  nobility,  aad  which 
demonstrate  how  Much  wort  aoft  ground  performance 
potential  aight  ana  now  be  boilt  lato  working 
machines  oa  tin*. 

Pros  tho  table  and  figure,  it  ia  clear  that 
than  baa  beea  steady  progns*  ia  improving  the 
soft  ground  mobility  of  thl*  type  of  nhicle  aiace 
nil,  tad  that  the  available  new  fa  wily  npnsetsts 
a  significant  lap  rove  neat  "tc  a  degree  a  at  retag  * 
ailed  by  a  public  almost  atultified  by  tbe  daisliag 
feat*  of  aeronauts,  aatroaeuta,  a ad  aquanauts” 

(Watson,  1964).  It  is  also  clear  that  ct  least  one 
non  major  step  la  this  dinctioa  could  already  be  lake*. 

It  ia  instructive  to  consider  *.hese  nsulta 
ia  tha  light  of  the  curves  ef  emulative  worldwide 
frequency  of  Sating  Coae  Indices  developed  by  VU 
fro*  analyses  of  their  extensive  data  oa  taaperatw 
and  tropic  toils,  sad  showa  ia  Plgun  2  (VICA, 

1945).  While  these  carves  npntent  s  very  pn* 
lininery  picture,  there  is  bo  question  but  whst 
say  non  complete  pnsentati"n  would  have  similar 
characteristics. 

Considering  the  mil  2*1/2 -ton  truck  (TCI  •  S9) 
in  relation  to  these  curves,  it  develops  that  on  a 
worldwide  basis  approximately  It  percent  of 
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tempo rsts  wet  nuon  conditions,  24  percent  •» 
tropic  wet  iiiiso  condition*,  u4  low  41  p«rcut 
of  tropic  and  tsaperet*  high  noistur*  condition*  in 
ltrtl,  fine-grained  *011*  would  bo  uatrafflcabl*  to 
this  vehicle.  Is  comparison,  tha  corrtspondisi 
figures  for  th*  now  XM415F1  2-1/2-ton  lx*  (VCI  •  44) 
would  bo  10  pore  ant,  16  percent,  and  12  percent, 
respectively .  By  whatever  noaauro,  tbo  ere** 
wntmffionblo  to  tbo  nowor  rob  1  cl*  aro  roducod  by 
30  pore as t  or  noro.*  Further,  tbo  VMEA  10x19 
coacopt  nachino  would  find  that,  aa  conparod  to  th* 
nil  rohlclos,  arena  untrafflcablo  to  <t  were  only 
on* •third  as  oxtonaiv*. 

In  contrast  to  th*  mat  of  tbo  now  family, 
th*  l-tcn  CCC*  4x4  (XMS21S1)  com*  off  badly  (soe 
Tablo  III).  The  original  concept  of  th*  COEl's  was 
that  they  should  bo  oxtra  high  nobility  rohlclos 
with  performance  to  match  that  of  tanks.  This  was 
to  bo  achiorod  by  th*  us*  of  th*  articulated  four* 
whool  layout  of  commercial  oartheoriag  scrapers , 
with  large  diameter,  low  prwssur*  tires,  all-wheol 
driro,  high  powor*to*woight  ratio,  and  lightweight 
design  {Johnson  ot  al.,  1959;  AMC  TIR  10.3.1.3, 
19*4;  Harshfield,  19*51,.  In  part  because  of  its 
haring  gone  orer  its  design  target  curb  weight  by 
some  SS  percent  (and  hence  orer  the  designed 
gross  weight  by  nearly  30  percent),  the  power -to* 
weight  ratio  of  the  I -to*  COER  ia  marginal  and  all 
fine-grained  soil  mobility  Indio**  indicate  that 
its  soft  soil  performance  will  not  match  that  of 
cmrreat  main  battle  tanks  (so*  Table  V),  and  that 


*As  tils  report  1*  flaally  fros*a-«da*  di¬ 
ther*  are  eigne  tiet  tia  DU  1011  may  be  a  dead  daek, 
regardless  of  lta  performs***  petaatlal  (Jeaee, 

19*6;  daSenotire  Jsdwtriti,  1  Jaly  196*). 
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it  will  b*  dsnltd  acitss  to  epproxiaataly  tha  itw 
prcocrtica  of  the  world'*  iarel  ttrrsln  u  wa*  the 
nil  full/  of  tactical  cario  trucks.  Ho r* ora r, 
la  coapsrison  to  th#  raat  of  tha  now  track  fully, 
tha  tira*  of  tha  l*ton  CCS*  ara  sonawhat  orar- 
loadad  araa  in  sandy  soils. 

Of  court*,  tha  slapla  soft  soil  nobility 
ladicts  calculatad  do  aot  tall  tha  whola  stcry  of 
off-road  nobility  or  araa  of  soft*ground  aobility. 

Tha  large  aotutl  tiro  diaaatar  and  corresponding 
high  ground  claaranca  of  tha  GvER-type  of  atchine 
will  parait  it  to  operate  succassfully  ia  daap  nod 
uadarlaln  at  raasooabla  dapth  by  a  hardpaa,  whar* 
son*  of  tha  othar  whaalad  rahiclas  night  hart 
difficulty.  Also  its  us*  of  frsn*  articulation  for 
staariai  and  to  iasura  good  confornaace  to  aajor 
grotnd  i .regularities  is  a  nobility  adraatag*  which 
cannot  ba  quantified  at  this  tin*.  On  tha  othar 
hand,  tha  l-ton  COER  is  unsprung,  so  that  the  orar* 
all  pictur*  can  hardly  b*  conti da rad  on*  of 
progress  fron  a  ground  nobility  rlawpoint. 

Although  tha  gtnaral  situation  with  tactlcel 
rahiclas  on  tiros  is  on*  of  adranc*  insofar 
as  nobility  is  concarnod,  within  tha  Inst  sarersl 
yasrs  thara  has  concurrently  boon  considarsbla  lost 
notion  in  rarlous  attanpts  to  build  (on  both  wheals 
and  tracks)  tiny,  gianicky  "toys,"  to  giro  arary  infsatrynan 
his  wary  own  pair  of  powarad  roilar  skatas  (*/•  Harrison  and 
DeStefsao,  1H2;  Bischoff,  1964  ;  Foliar,  1964;  Unbargar, 
1966).  That*  attaapts  haws  aacasaarily  ignored  tha 
teal*  of  natura.  A  rary  snail  nachin*  girts  all  of 
tha  lararag*  to  nature  and  litarally  nakos  noun tains 
out  of  nolahllla.  In  addition,  than#  efforts  bar* 
gasarally  boon  pursued  in  tha  fallacies  belief 
that  because  the  rahiclas  are  snail  they  could  ba,  nr  an 
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la  fact  true.  Tvt  cctj'.ept  of  a  cheap  and  sinpit 
ground -c  r  iw  1  ii1 z  ti  toy  ajfic  carpet  it  doomed  to 
failure  snd  iWiri  will  be.  There  it  sctu# 
evidence  that  :he  harsh  experiences  of  Vietnam  aay 
be,  temporarily  at  least,  lessening  enthusissa  for 
such  a  gadget  approach  ("fashions  la  War,"  fewsweek, 

27  Dac  1965]. 

Tracked  Vehicles 

In  contrast  to  the  improved  soft-ground 
mobility  of  the  new  tactical  trucks,  the  basic 
soft-ground  mobility  of  various  oleatftt  cf  tracked  eilltai 
vehicles  has  indeed  remained  largely  uachanged  for 
a  number  of  years  •  respite  haying  achiercd  r.rw 
lerels  of  durability  and  reliability  and  consider* 
able  increases  in  fire  power,  the  mobility 
component  of  tank  weapons  systems,  for  example, 
has  remained  relatively  constant.  Their  nominal 
unit  ground  pressurts  hare  stayed  in  the  same  raip 
for  nearly  40  years  (Fig.  3),  and  the  basic  form  of 
the  tank  has  bota  frozen  for  some  2S  yean  (of. 

Ordnance  School,  I9SI ;  T*  9-210Q,  1943,  1947,  19S3; 

7*  9-500,  1962). 

Early  experience  with  the  first  9YI  tanks  was 
epitomized  by  Crompton  in  a  recommendation  that 
their  gross  weight  should  be  limited  to  about  30 
toms  and  their  nominal  unit  ground  pressure  to 
about  9  psi  [Legros,  1921).  Seme  3$  years  later, 
Uffelmann  and  Ermas  concluded  their  post~*VXI 
(19S3)  study  of  tank  operation  la  the  Worth 
European  plains  by  recoameading  thtt  the  gross 
weight  of  tanks  for  use  la  that  general  area  be 
limited  to  approximately  35  toms  and  thalr  nominal 
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unit  ground  pressure  to  I  psi  { 1 96 S )  *  f^ilU  these 
reccnneaditlo*s  h*ve  boon  hesrd  [tf.  Cltsre,  2963; 
Butterfield,  1566],  neither  appears  to  have  boon 
heeded,  except  perftans  by  tho  Russians  [o/.  Miller, 

1966]  . 

Sow  ft  lap  1?  numbers  boaring  on  tank  perform¬ 
ance  aro  synopsized  in  Tablo  IV,  which  shows  grots 
voight,  planfcr*  loading  (too  lator),  calculator  VCI  for 
50  passe*  (VKEA,  196S)  and  for  1  pass  (VHRE,  196SJ, 
horsepower  por  tot,  and  approximate  speed  in  rough 
torrain  for  a  snail  number  of  successful  main 
battle  tasks  spanning  a  period  of  nearly  40  years. 
Exploitation  of  tho  vast  increases  in  power  wade 
possible  by  advancing  power  plant  technology,  which 
has  been  capitalized  upon  in  aircraft  to  increase 
their  power  and  hence  their  speed  by  •  full  order 
of  Magnitude  or  wore  in  the  past  2S  years,  has  bee® 
United  during  the  sane  period  to  an  increase  in 
teak  hofsepower-per-ton  by  a  factor  of  only  2. 

Potential  taak  average  cross  -country  speeds  have 
perhaps  quadrupled  ia  nearly  i 0  years.  The 
i^rorenent  which  has  been  unofficially  projected 
for  the  U5/FRG  Main  Battle  Tank  for  the  1970  #s 
(MBT-70)  represents  essentially  a  •"brute  force" 
approach,  for  the  little  published  la  format icm 
Indicates  that  tho  current  nobility  eeneept  of  that 
vehicle  fundamentally  differs  but  little  from  that 
ef  its  iamdiate  predecessors.  In  short,  as  of 
the  noaeat,  tho  cross-country  nobility  of  today #s 
tanks  is  "only  Marginally  better  than  some  tanks 
desired  alnost  SO  years  ago"  (Ogerkirrlc*,  1962 J. 


Beginning  late  in  mrl  1,  the  0.  S.  Army 
pioneered  the  develop  neat  of  araored  personnel 
carriers  (APC's)  for  infantry  [Ogorkiewics,  lfBS). 
The  currant  snccessfnl  0.  S.  version,  in  worldwide 
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♦*  the  *113,  od  Its  recent  diesel  tvts.  Vie 
X113A1  (Ogorkitwlct,  1966].  Voluae  productioo  bat 
brought  the  cost  ef  this  track*!  vehicle  down  to 
about  il  per  pound  (Ogoraievtcx.  1964),  t»d  long 
detailed  developaeat  hes  resulted  in  high  relia¬ 
bility  ana  good  durability.  Moreover,  th*  basic 
M113  track-laying  chassis  hat  been  utilised  for 
vehicles  for  nissll*  carrying,  coaaaad,  and  cargo 
f tract  1 ons  (AJC  Til  33.7.2.1,  *964]  which  sharo  its 
perforaance,  rollablllty,  and  low  coat  (Quinn, 

19dS).  Thlt  basic  ftaily  of  vehicle)  hat  a  gross 
woight  of  10-13  tons,  a  tsowinal  unit  ground 
prwsturo  of  7-«  psi,  calculatad  VCl’s  of  th*  order 
of  45,  and  baa  demonstrated  gaaarally  good  soft 
ground  nobility  both  la  tatts  ('JSATO,  1962 J  and 
fiald  operations.  Th#  H113  has  proved  highly  asaful  ia 
Vietnam  (Stafford,  196S;  Salt  reel ,  1966],  although 
ita  nobility  tbart  still  leaves  something  to  ba 
dntirnd  (•/.  Moor*,  1966],  particularly  la  relation 
to  crossing  th*  oaniprescat  canals  and  drainage 
features  ( ef.  Con§ rmtoional  itoord,  6  Hot  1363J. 

In  thos*  areas  of  th*  world  whore  th*  bulk  of  cur 
current  standard  vehicle  f tally  is  patantly 
inadequate,  th*  M11J  family  conld  b*  considered  a 
viable  stopgap  [Moor*,  1966]. 

Thnre  is  a  third  i^ertaat  class  of  U.  S. 

■illtary  tracked  vehicles  which  tracts  its  immediate  ancestry 
directly  to  th*  nil  teasel  (Churchill,  1945  ;  Silverman, 

1946;  OOD.  1946].*  Conceived  essentially  ts  snow 
vehicles ,  machines  la  this  line  of  development  arc 
«k«t»ctarised  by  relatively  low  1 sod -carrying  capacity, 

•The  first  snail,  eelf -propelled  traek«4  vehicle 
6e*if*ed  apeelfleally  for  saev  eperotioa  appears  t*  have 
been  the  Velaeley  aoter-aleigh,  ased  by  fleets  •«  his 
1909  Aataretie  eapeditioa  (Leg-oe,  1910]. 
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oomtssJ  us  it  grooa*  ptossurot  is  t&o  or4»r  of  2-1 
ptl,  VC!*s  of  tho  order  ''I  28,  »4  j  tuntlf  rat  * 
Stscdmf  soft-call  mobility  UUTICO*,  lf«3J. 

Til »  11m  hat  r*<»atljr  brcecfeo*  to  t bo  dtrtltywtt 
of  tbo  flr*t  »rtlc«Uto4  trKlH  rshiclo  to  bo 
•orlrosly  coasldoroo  for  stsadsrdl sot  lorn  by  th« 

U.  S.  A rwf,  tU  1X571  1-tn  csrrtor*  (AJC,  721 
12*WE1(1),  29*1;  Daftuaa  Jndaa trf  imllatia, 

)+rxk  19**) »  rko  ororoll  off -rood  ptrfmue*  of 
tU  son  Us  boos  fowrt  to  bo  oscollost  (of.  USWC, 
19*1). 


*¥bo  IvtSltk  Irsr  Mtcftti  tfeo  1-1  A-Ooo 
n/ImU  uilnl»t«t  IT -500  for  ttwy  moo  Is  19*1 
[OtsrtlnU*,  19*9)* 


.  .  .  Vt.  fprelrs  Military  Vvhiclvs  «ad 

Ccaawrttal  Uhicln 

Ob  the  basis  of  various  published  reports 
[•/.  Cjorl lawict ,  m2,  1963,  1945  ;  droer,  Jaa*P#b 
196<  ;  Infinoor,  11  Sop  1964,  16  Apr  1965  ;  Ortfuawaa, 
Kov-Dec  1965;  Miller.  1966;  Meyer,  1964;  Suttarf laid , 
1966),  cvr  curreat  tracked  ailltory  vehicles,  a*d 
particularly  our  main  kettle  tasks,  apparently  hare  the 
some  order  ef  basic  crw*»  -couatry  mobility  ss  these  »f 
say  toroijn  coca try,  except  perhaps  the  Russians,  whoso 
mis  battle  tasks  stay  hare  nominal  «*it  ground  pressures 
sore  nearly  in  the  range  9*10  pal  than  the  11*12  psi 
nuage  which  characterises  cvr  owe  [Miller,  1904]. 

Table  V  presests  calculated  vehicle  coee  lades  require* 
■eats  for  current  nadies  end  Mia  battle  tanka ,  based 
wpea  published  iafornatien. 

Our  lighter  tracked  vehicles,  if  set  superior,  at 
least  are  gwserall y  equivalent  to  foreign  military 
machines  of  the  seme  class  [of.  Ogerkievics,  1941,  1943, 
1944;  haogbmaa  a ad  Driokard,  1942],  while  our  mew  family 
of  wheeled  vehicles  appears  distinctly  mere  mobile 
than  anything  apparently  forthcoming  from  friend  or  foe  / 
{•/.  Ogerkiewicr,  1941,  1963;  fa finmor.  It  Sap  1944; 
Baste,  1964).  Once  again,  the  exception  nay  he  same 
tansies  equipment.  Csntlnsiag  tassiaa  appreclatiem 
of  central  tire  inflation  control  an  a  mobility  feavere 
[of.  Knaves,  1954;  Lavrentyev,  195$;  Ageikin,  1944] 
and  nixcellofiooes  published  work  of  vehicle-sell 
relations,  off -road  suspensions,  etc.  [•/.  Srestovaikov, 
193*;  T» tare hah,  1958;  Laforov,  1940;  Sliseev,  1941; 
takas ,  1965;  taaev  *t  cl.,  IW^,  nyutui  that  their 
beet  wheeled  vehicles  may  be  vss?  geed.  Cm  the  other 
hand,  their  kiervreby  toe  nay  bss  largely  wmewere  ef 
the  implications  ef  the  msenk  resells  fox  which 
they  have  paid. 
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U.S.  MILA 2 
MtOAi 

fcu*ia*  TS4/S5 

no 

C^ratn  leopard 

•rltiifc  Cfcuftai* 

Yiaara  i7  T. 

Orsacfe  AM3JO 

Svlaa  PU1 


1  !«*•*«  ary  ^utMicn  fr 

Mt  Tall*  17* 

aT*£A.  19*3. 

5nElt  1943  . 


|  Hf/T 

#VCF 

MRI 

11.7 

I8.t 

in 

u.i 

14.2 

10. s 

23.1 

e.o 

19*6 

!2.S 

12*1 

22.1 

23.* 

10.  t 

19.1 

20.0 

24. S 

12.3 

11.  S 

22.1 

Our  current  ailltary  vshiels*  asy  tlt«  be 
cospsred  fe  the  best  of  those  a sad  la  aornai 
coejwrclal  off-road  operations.  Cownercially 
produced  vehicles  for  off-road  operatic**  fall 
into  seven  broad  cttegories: 

1)  sgricultwrsi  tractor-* 

2)  eerthncviag  eeulpaeat 

5)  niaiag  and  coiutrectio*  vehicles 

ft)  vehicles  for  off-road  trraspert 

5)  logging  ucMmi 

ft}  vehicles  for  oil  fisld  sad  slstiiar 
exploration  wort 

?}  sports  vehicle* 

Except  for  the  sports  vehicles,  the  tread  ia  ell 
tikes*  seaward »i  nschiaes  it  toward  li||»r  units 
operating  on  big  tires,  usisg  diesel  eagle*  power, 
sad  increasingly  with  all-wheel  drive.  As  pet 
there  has  bees  very  little  extensive  use  cf  exotic 
reticles  such  as  grown d  effect  Mchlaes  la  the 
off-road  working  world.  Those*  ow  and  Hemlock  coos- 
eluded  ia  ISftS  that  each  developaeats  would  aot 
have  a  profound  affect  upon  ccswercisl  off-road 
transport. 

The  only  laid -carrying  cower  cl  si  vehicles 
wfeSch  are  decidedly  e*sp*rior  te  eves  the  best  of 
ear  canwat  f sadly  of  silittry  vehicles  froa  ea 
off-rood  aefcility  rleupeint,  pertieaiarly  in  soft* 

'  ground  conditions,  are  sows  el  the  essentially 
head-bcllt,  low  grows d  pressure,  tracked  Machines 
m«4  ia  oil  azplarstica  work.  The  showpiece 
vehicles  are  the  btix-ftedwll  line,  calsdaatlag 
la  the  SM2M  12-tea  carrier  (ftebln-Sodweil  Xfg.  ltd., 
ISftS],  sad  the  Musk -Or  29-toa  carrier  (Butt nil  aad 
Thews ew,  1540) ,  all  first  designed  for  eperv ties 
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la  the  difficult  suwner  ntl«]  conditions  a?  Xertlera  Csaad*. 
The  latter  two  machines  are  parti culsrly  i  *ap  tv*  a  1  r» . 

Bath  ara  erticolsted  (a*  different  i cheat*)  cad 
both  hare  daaonitratad  the  ability  reliably  to  io 
big  job*  ia  terrain  conditions  inosssnble  to  say 
comparable  ailltarr  Mchiac  a  5wt^«  Atrs  beta 
scrutinised  V/  the  military  *ii«,  ia  their  tasting, 
bare  cut  their  high  level  of  working  nobility 
(USAT1,  1942}.  As  of  tha  unseat,  however,  this  Is 
as  far  as  tha  iota  rest  has  goae. 


Other  successful  low  ground  pressure  tracked 
vehicles  for  tha  oil  industry  are  ware  conventions!, 
skid-steered,  with  wide  tracks,  narrow  bailies,  sad 
relatively  high  track  length  to  tread  ratios 
(L/T  •  1.1  is  net  unusual)  (a/.  Robia-todoell  Nfg. 

Ltd,).  Tha  Amy  sad  tha  Navy  have  bought  a  modest 

»— bar  of  WS-119  and  M-7S  vehielas  for  use  ia 

Alaska  (Casa,  1M2)  and  Antarctica  (USX,  1*44,  im], 

respectively,  where  they  hare  ia  general  pnrfemsd  creditably. 

As  ia  tha  c as«  ef  other  low  production,  special 

purpose  machines,  hewever,  these  vehicles  are 

designed  insofar  as  practicsble  a rowed  caeMsrclal, 

eff-the-sholf  cowponeats,  which  has  aeaat  both  that 

their  curb  weight  was  not  as  low  as  it  sight  have 

been  had  optimised  esapoaeats  been  available,  md 

that  their  ragged****  tad  reliability  leaded  to 

fall  short  of  adlitary  ideals.  They  were  conceived, 

however,  within  a  typical  ccueasrcial  desigs  wave* 

lope  which  placed  performance  sad  ecsaeay  at  the 

tap  of  the  list  of  priorities  and  relaxed  ausay 

ether  constraint*  spue  the  design  wfcersvar  this 

proved  necessary  to  achieve  these  goals.  Together 
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*i tfc  the  larger  artieclsied  a&chi&ts,  they 
deecastratt  clearly  that  vbero  tho  job  t^» 
be  dosse  ca»  be  f p^ci f led*  ts*i  srK&r*  coaatf&iats 
are  subordinate  to  f  u**ct  ies*«L  r^eti  reoeofc*  *  thj* 
problcaa  of  cff-road  #obiHcy  caa  b^  solved  la 
relatively  atrai fht (&r**?49  vnyn* 


Km  gunning  Sear  Coa  f  1  g^r^t  t  sea 

&M1*  ail  z\s?r® »t  sscces$fai  eff-read,  re&iclea 
ore  awxcated  o*  tires  or  tracks  of  relatively  ca&- 
v*?u£esfc!  arr&a£$v**nu  su&d  *achsaical  derails  *  « 
ausber  of  alternative*  haw  beec  proposes  ia  *ff»t 
ye&r$9  with  varying  degree*  of  aocees#.  3p  s*d 
iirjt  these  alternative  growd-crcwlisg  sckmi  ant 
aiaed  at  iaprevisg  vehicle  xo£t-gre\»d  creaaimg 
ability  throw**  the  redact  too  rf  satis*!  wit 
I rocad  p  restores  (KUG?;,  the  reduction  of  peak 
prosscres  asd/or  (ttawlttiagly  or  sot)  the  pwrisiea 
cf  k  twra  degree  *f  variability  is  the  gro^Bd  ceatact 
aechaaias  better  te  switch  rarytaf  gresed  cesditloais# 
The  basic  cosfigwzati o*s  c&a  ofros  he  broadly 
traced  a  lc^?  wr?  barit  1«  s?£-ro*d  v^klclc  bi«tot7* 
b«t  i»if  wTi2sklcii  hare  l-s^s*  addet§  aad  e^r&»t*to 
taheai  of  z&ev?  fi^iori<als  asd  * 

The  aa&st  5QCc<jrj4fsl  2i«e  of  *sns  de*?eIopw&t 
o£l-'roed  Ttataiag  gear  tc  itsf^  to  to>a  th#  ^itra- 
low  prcsturof  {1-3  p$i)  ps^^stic  roller  coKCsopt 
piweera^  by  filUaai  Aibe»a  is  the  early  i$$8*a 
with  his  -XolHgofr"  nmxJ.»$  $?$r  8^4  prototy^4® 
rehicloj?  esploitisf  it  |??ovil2o^  r^4 

51n^dsf  i£$$3*  Tho  c«aceft 
sifics  brts&c&frd  te  Firat^  &  te^i^siriiase 

e#  the  tatsl  Kelligoa  cos^eyt^  ii^ciadi^g  eae  «£  the 
hsg  e  r*$s?jdji»4  be$wea  tM 

tha  gra^ead  as  ia  a  roller  hearlsf  (r&tfesr 
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thns  a  loaded  through  «jri#K  drir* 

bf  friction  at  the  lead *cxr ryir»£  contac?  o£  iha 
bag  with  the  drlvt/lQ^d  su^^rt  roller  ctt  the 
vehicle  (rtther  thaa  vie  tsroue/.  The  tot*l 

arr&iigtf*ta  t  in  &zT‘loit®4  i a  a  stssll 
frsfltt^srticulstHd  mature  *nd  SollAgct* 
vehicle*  built  in  racist  y*ar$  Tor  cos«asrci*J  use 

Cors*,  Horastoas,  Tssas]*  ae4  is  th#  Mtoll 
Treck  vfcJcfe  'tfiii  tf]?a25 

^;^ij»ia£l  Xv>ni§^  $\%<z 

the  cosw^rciai  by 

of  the  Tcrre*Tj  OfAT«ilo#  1944; 

19C4}.  The  Terra-Tire  is  ®i*e  ar 
p r» s 5 a rt?  po^naettic  b&*#  like  a  siorc  cor*- 

vv»tio«aA  i:iret  ds?rri«f  the  rahici#  tkrm?gh 

£t»  &s-i  U  driveR  by  tc?rqwe  applied  to  its 

T#?re-Tir^8  aw  mUihk  Aa  asaty 
they  art?  In  rti^tio®  to  their 

dia»*t«rf  vhich  1  *  sot  C2n*i<te*?9d  4*?sl rs&lo  froa 
a  «cU  rievpoiat  {#f.  B#kk»r\,  19S41,  Hca^v®rt 
proportions  p«mit  '.iris 

tow  UUCP’s  to  «ore le%%  hQtwnli y  propor tiooe^, 
aot'^aily  laid  oot  rofeiclos^.  eai  the  pf>r£ermmos* 

5* Rims  frot»  the  lowered  .tUC?  fact  f*r 

wijh«d  nay  th^or?tic«]l  c«os  ids  rations  {^/* 

Fox  II9  1944}*  Todsy,  Tor?m-Tir«fS  zrz  in 

5«1  use  vehicles  rsmgrixig  from  soch  rmiati^ly 

ftoraml  ssdtidts  &s  th^s  4x4  Dedge  Power 

T.o  4x4  b&ggi&s  vkich  float 

&m  th#  ?mrrs-Tir«s  {<?/,  AJUDCD*  19^4 

Ustil  recemtiy^  fcirss  of  l?»fe©t  evermll 

disaster  v«r«  coasider^d  the  practical  e&xAsecs  sit* 
(Galf  Esggy  12§  s 

hetQVX's&m  4^ -^4}  bwcm^m  df  mm  *f  met  saris  p 

z&d  afei§>^i«g  problem.  tte  potential  ol 
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ft  12 1  larger  tirvs^  »uch  larger  ,  c  $o«$ 

Instance*  «$  to  rsprcieat  t  qualitative  change 
rather  tSm  a  *«r«  qu&nt  i  cat  Sve  one,  has  continued 
to  txerciie  the  iaagifla:  Joe,  A.  V,  toe,  Canada, 
for  exasple,  proposal  a  while  back  a  aobil*  oil- 
drilling  platfor*  for  auskeg  work  •*  conceptually 
alttHar  tc  the  barge-aounted  offshore  riti  now  in 
vlds  use  **  to  be  counted  on  four  SO- foot  tires 
{all  Veal,  2j  Sep  Z^dlj.  Preliminary  trials  at 
tn&il  scale  of  a  now  method  ot  ca-the-site  tire 
const  rue t ion,  by  veering  a  large  number  of  rela¬ 
tively  war.ageable-a ixe  molded  straps*  hav*  indi¬ 
cated  that  such  tires  could  practically  be  built 
and  shipped  (in  pieces)  ftfaefcfne  Dtti <p% *  IS  Aug 
ltftS],  Ho  ias*edi*te  military  usefulness  for  such 
1  arse  t*r«s  is  apparent.  bc**t*er.  The  eUitary 
tends  to  shun,  where  possible,  pa tti??#  so  sutsy 
eexs  in  a  single  basket. 

Owing  its  present  feasibility  directly  to 
the  development  of  the  Terra-Tire  is  the  Airol 1 
t rack -CU2R- wheel  arrangement  [*rcsck,  19&2).  This 
is  a  chain  of  free-rolling  pneumatic  rollers 
circulating  ernuod  a  fissd  ponton  through  which 
they  *r$  loaded  is  sinilar  fashion  to  the  RoUiro* 
rollers „  and  drirea  by  Mims  of  the  chain  ce»- 
uectiu»  their  axles*  The  basic  concept  Is  old 
&st  has  taken  of*  new  eigssiHca&c«  through  the 
availability  oi  Terra-Tires,  so  t&afc  th#  circu¬ 
lating  wheels  mj  hrrs  reasonable  grtroad  pressures 
as  wheels  asd  also  provide  it  degree  of  suspension 
action*  Small  vehicles  «epioyias  this  typo  of 
props xlrias  IxdK*$pim# ,  l  £2^c  i^lj 

art  umdvt  stsriy  by  tba  U*  S.  Corps  (lyle* 

SMS:  Bailer,  1^1).  t*ES  tvafficabiliSy  test* 
of  early  i&ste-mp  £ul*t  1941) 
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*r\d  c roj*  -count  nr  tests  by  the  Marines  *f  1  wore 
refined  version  [USKC,  196$]  hare  *h o*m  tbs*  Airoil 
trick  to  hire  excellent  ^erforanc*  in  extremely 
soft  soil  conditions,  suskeg,  etc.,  although 
overall  their  bejic  performance  level  appears  to 
be  similar  io  t hit  of  i  good,  low  greoad  pressure, 
track**  vehicle  such  is  the  Kllb  or  th*  articu¬ 
lated  XMS71.  A  clever  variation  cm  this  them*  is 
the  toy-siza  Canada!  r  Fisher  vehicle  (Caaedair, 

1*64] # 

0*  a  fir*  surfed  tM  track  rollers  roil 
between  th*  ground  ind  th*  post  cm  with  a  super¬ 
ficially  fascinating  2:1  overdrive  offset;  i*iM 
ground  speed  (if  there  is  no  slippage)  is  twice 
"track"  chain  for  axle)  speed.  la  wry  soft  going, 
th*  Airoil  system  consorts  itself  into  a  relatively 
normal  track  haring  a  small  number  of  very  lr.rg* 
bat  mot  truly  aggress  ire  grousers,  which  art  th* 
wh**ls9  sad  th*  wh**ls  then  slip,  oc  th*  poutou 
or  om  th*  ground,  rather  than  roll*  However, 
exempt  on  hard,  slippery  surfaces t  their  external 
performance  (tot  considering  *ffici*mcy)  is  good 
prac,  196SJ. 

A  further  variation  of  this  thets?  (i.*.,  to 
roll  om  small  wheels  ia  good  terrain  and  to  wort 
with  a  large  wheel  haring  large  grousers  ia  bad) 
is  the  Lockheed  star  wheel  proposal  by  th*  Forsyth* 
brothers  (The  £m$\n*er,  1  Oct  IMS ;  Autemetiae  /s6etnn , 
IS  Apr  196$].  In  this  configuration  a  large 
"wheel"  carries  three  drive*  *im*T  wheals,  aad 
drive  may  selectively  be  supplied  either  te  the 
smaller  miser  wheels  er  the  entire  cmstellatim, 
oa  necessary.  Vhile  there  has  thus  far  been  me 
publication  of  a  drive  mechanism,  it  is  tempting 
te  marry  this  configuration  te  Albee  fs  frictica 
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loili  <;c#-driv»,  in  sack  a  »Lwr  tbet  lb*  ui^cr  vW« is  mU 
be  driven,  by  skim  friction,  by  means  of  a  central 
sum  wheel.  f%*  major  wheel  cet*ld  then  be  driven 
when  seeded  by  sinply  lacking  the  einor  wheels  tad 
running  the  wheel  ia  a  !  ow  geared  rare  rr* . 

The  K^rthrup  tw#-vh**l  *Veiktny  boyl*,1* 
apparently  temcei  ved  independent  ly  of  the  Fongtha 
star  wheel,  la  ia  iwm  respects  fMSCtianelly  a 
two -when  ?  version  of  it*  la  this  concoct,  the 
▼able la  la  supported  on  four  twe-^heel  begins. 

In  normal  operation  the  wheels  are  driven  sad  the 
bogiat  float,  and  tha  vehicle  is  an  Sx§.  Under 
spwcisl  circuwt  M*ces  the  bogies  eat  be  rotated 
and  locked  la  such  position  that  only  foer  wheels 
art  In  contact  with  the  grotmd  *twe  wheel  bases 
are  possible);  or c  as  still  tanther,  the  bogles 
themselves  nay  be  driven  about  their  pivots,  to 
aid  climbing,  or  to  provide,  similarly  to  the  star 
wheel,  a  large  wheel  with  a  big  bite  and  a  bumpy 
ride  i Lae ,  19461. 

A  totally  diffartnt  series  of  development* 
has  been  bora  of  the  successful  demoss^rsi ten  of 
hovercraft,  air  cushion  vehicles  (A CY’s),  or 
ground  effect  machines  (GIK’s).  The  Cl*  Itself 
is,  of  course,  iaawdiately  a  candidate  for  off- 
rotd  semen,  particularly  where  the  ground  can 
support  only  the  sost  aodrst  leadings  {*/. 

Sickles,  lHS;  Fuchs,  1956 j.  COTf  have  bvem 
fuccrisfully  deoons crated  for  Creealuid  les  Cap 
use  (Abeie,  1964)  aj id  for  high  speed  military 
patrol  w^rh  on  the  rivers  of  Soraec  Crmft 

4  ?pdr+fcnt9  Kay  1944)  amd  Yiatmem  {few  /ark  riaea, 

IS  Hay  1944],  far  axampla*  Although  skirting 
developments  have  redacted  power  requirements  ta 
apprezimat^iy  20  H?/T  for  hovering  [fleering  Crmft 
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with  »lcrp«*t  cbsttclos,  «  r#n  »<§«  r*t  •  1  r  *c  let®  * 
spfietd  trvti,  w'vft*  >£A<tt  «tc.f  r««4ia  tc 

o®  solT*d,  Current  thiniinf  mtra  to  bt  that  t  .*-*  i  7 
aeit  i»jNedi»t®  military  us® £a  will  b«  is 

cflphibicu*  op<  r*r  *  css «.  »utii  n  for  hi^h  sp®®d 
trtcuport  era  iomg  orer*  ship  uaioadiaf 

jsfrs  (3*®t -AH®**  Tho  situ'tioo  »it)i  CZX't 

in  still  cJsaafUs  r*?idly.  *•*  possibi  UtUa  f®r 
«sploitiag  tft®  Co**4z  *f fact  to  mduc*  pwy 
r*qui  rnmets  ••  tnd  bsoc*  to  saelicrst©  all  carrrtt 
problems  -•  rocaatlr  $u$f®*ttd  b y  fc*b®  (1944), 
for  9xaspl®,  aar  drtstically  alt^x  tho  pictum 
witMa  a  f«w  r®ars* 

la  u  tffort  to  omrcom  tom  of  th*  corroat 
<U**dYtat«t«s  of  G2X*t>  ia  off -roai  ttrraia  (ta4 
cm  th®  road  at  mil)#  aomrous  hybrid  CEK  cone  rot  a 
hsm  b#«  proposed,  la  vhich  tb®  hermrersft  type* 
of  air  tirrport  is  aoppltmattd  la  adjustabla  d®fm® 
by  com  aoraal  grouad  *crtwlin|  g®ar„  jtaoraily 
wheels  (e/.  ltmltOK,  1343;  Gewiai,  1344).  TitM  hare 
set  yet  prove*  particularly  successful  (Sickles,  2545]  tad  s 
study  try  Uffelaaas  has  indicated  that  they  ar*  set 
likely  t«  be  (1544).  Om  eras  of  possibly  swccees- 
fal  hybndixatiow,  bevwver,  witht  be  is  the  deveiof*eat  of 
a  CM  f*TT7  for  military  use,  desiroed  to  operate 
ever  roads  and  trails  siaply  ts  a  relatively 
mental  13-12-  foot  -ti  A«  track,  with  side  p  Is  buss 
folded  sp  to  font  a  dack  carjo,  sad  to  eperat* 
over  water  as  a  tree  CM  with  a  width  of  35  i  at 
or  store. 

A  tecoad  Use  of  dev*  lop  we  at  which  he  5  as  as 
a  resell  of  CM  erperieace  is  the  sir  sw^portad  track 
{•/.  tortoise*,  1543;  riardy,  1344],  which  a*y  he  considered 
a  hybrid  of  a  -“fferest  style.  It  is  currently 


esewpliflad  by  tha  FATA  vehicle  (19ft*),  vhm 
d*»ip  v u  laltUttd  by  tS«  U.  S.  Arwy  Trass* 
portittx  Research  uU  Engineering  Coaund  in  1959. 

This  vehicle  carries  c  track  which,  between  the 

sprockat  and  idler,  Is  prssaci  to  the  ground  by 

the  vehicle's  weight  through  a  pliws  air  chamber, 

the  lovar  side  of  which  Is  tha  flexible  back  of  tka  oaring 

track  bait.  This  allainatas  tha  road  whaals  and 

springs  of  a  normal  trackad  yahlcla  and,  if  tha 

track  wars  Ideally  flazibla,  woald  prorida  •  Marly 

uniform  contact  pressure  throughout  tha  contact 

area  ragardlass  of  raaaoaabla  groaad  roaghnaas,  a 

sitoation  both  theoretically  and  practically  to  ba 

desired. 

Problems  arise  ia  "sealing"  tha  air  chaa fear 
which,  because  of  tha  difference  ia  pressures 
(approximately  J.S  psi  oa  tha  PATA  es.  0.2  psi  oa  a 
GEM) »  aust  ba  tolrsd  quite  differeatly  thaa  oa  a 
troo  GEM.  The  basic  PATA  coacapt  appears 
fuactionally  competitive  with  Bekker's  earlier 
fluid«lubrlcated  skid  track  oa  a  pneumatic  ponton 
(1355),  which  has  nevar  baaa  seriously  triad 
"in  metal,"  largaly  bee suss  its  staling  problems 
appeared  difficult. 

Oa  the  PATA  prototype,  apparently  as  a  part  of 
the  solntioa  to  the  sealiag  problem,  the  air* 
supported *t read  concept  la  combioad  with  om  ef 
pneumatically  inflated  elemaats  between  the  track 
belt  and  tha  ground,  basically  siailar  to  that  of 
a  Japaaeso  marsh  vehicle  of  the  early  1940 'a 
(joville.  1954) , 
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la  pro totypea  of  both  tbs  Airoll  m<  th>#  FATA 
c*»cepta**  tii©  space  r»^«i  red  to  accov»*d*te  tb© 
mrain  j  gear  is  relatively  vary  iarft.  Ja  assessing 
their  ^orfensdac©  la  soft  soils,  tha  advaotage  of 
til#  lev  ftovifisl  unit  grcsaW  pressures  which 
characterize  then  both  actst  be  tales  lato  acccMait, 
aad  only  the  residual  isprovottaat  credited  t  .  the 
MV  elsiwnts,  amd  b%laaced  agaiast  their  weight 

&*4  other  costs . 

Tv*  sort  tza asset  d#valcyt»ats  it  ratal#} 
gear  co^fig^retiofits  re#ui rc  asstios:  veiling 
vehicles  ud  ercMvadae*  scfw-yrwpalled  rebiclts. 
Xtitkr  type  is  mv » 

Tm  vary  firat  WH  roseate  (1942)  for  the 
vehicle  which  subseqoaetly  been#  the  Vtt$9l  vert 
bos #4  vrpom  archiaadafta  o c rrvp rerru  1  $  i  on  (CSJt£, 


1944  j  9  1#  part  ^acevsa  several  vehicles  cm  this 
g*Mrsl  pattern  vare  tbea  reported  to  have  bee* 
successful  in  deep  saw  operation.  This  epprt*ic& 
vm  dropped  because  of  obvious  problea©  when 
eperatiag  is  fine  terrains.  Havever,  the  idea 
will  cot  die  [iff.  Col# v  imi. 


T&s  current  r# rival  of  interest  5a  archi xadaas 
lem  vehicles  centers  uyeei  th#  Cfcrys  ler/AJLFA/ 

Zhsahips  3/4-to»  payload  s^kifciee*  Karsh  Screw, 

designed  in  1*12  for  iafsatry  support  in  the  v#t  dolts  irtii 

*f  Sovth  Yistsajr  (5«vair«r,  1943;  Kesaayer  and  J«si, 

•la  peesiog,  it  if  r^wtsUr®  that  She  Alrell*  th# 

?1?1,  as#  the  ujor/miaer  ?W«1  ttaetfts  at#  aev  tela*  pre- 
eet«4  by  aha*  trt  t&sleaXly  a i reran  em«ait«,  aa  ra#  t&e 
Ctae  Se*t.  8ovvt«r,  it  *•  else  a***«*tiv«  that  the 
Ofttranol*#*  iaagliatle#  eereepeet  ladastry,  give* 
rtapaaeifci lity  for  *eo*  vehicle  assigns,  ever~ 
vhelalngly  propose*  aeetiae*  (59  oat  cf  h?}  m 
wheels  [Kosaao*  1945] . 
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0*  this  %hl&**Ur9tt4  v«hicl3  thn  tw  counter- 
rotatiai  rotors  tr«  itrtw  n*o»|h  to  float  th# 
at  its  jtre*»  vtkiclt  wtigfet  with  Ita  kail  elosr  of 
t  b#  vat  or.  A«  e  ilirnct  r*s«it,  ita  water  p*rforM*ca 
is  jood  (8  npk),  a»4  as  an  indirect  (but  not  see id^stal) 
ra*»tlt*  its  parforsunco  ia  »md  and  *w*k,  wot  tarr»ias 
is  azcallaat.  5.  D.  Joaat  point#  out  that  Us 
trj*  of  performance  is  almost  the  rrrorso  of  that  of 
coartwtioaal  rahlel**"  {It**)'.  i.c*,  it  p^rforw#  host 
1*  th#  wattast  conditions  (includi ft#  cioar  water)  wfeam 
tracks  are  peertst;  worst  on-road*  for  oa&molo*  where 
trucks  art  best  {Xniffct  at  fil.t  it#*}.  Sine*  nmch  of 
tha  basic  indiftaous  Viotnanoso  transport  srsttm  is  the 
Wokonff  delta  is  based  upon  canals  rather  than  roads. 
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this  rthiclt’s  rtYtrs^d  ipottnan  niskt  ftnv*  and®  it 
useful  to  the  troops  in  «£*h  the  s am*  auinnor  that 
the  is  in  ®or*  normal  situations;  able  tc 

move  well  in  the  canals,  with  coaaidarable  but  pot 
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uollaited  mobility  la  "off -ctiMi"  terreia.  Seeking 
perfection  ?»tber  thaa  utility,  and  ai&dful  of  the 
••bush  problem  os  the  waterways,  which  is  similar 
to  that  oa  the  roads  (cf.  Seith,  1966),  a  series  of 
stateside  committees,  is  early  1964,  decided  upon 
further  research  rather  then  productioa.  The 
concept  is  mow  be  lag  research  to  death  (cf.  Dugoff 
ad  Ehrlich.  1966]. 

Despite  the  fact  th-st  aa*  doe*  set  fly  by 
flappisg  his  or  aay  other  wings,  or  propel  hi# 
boats  by  sashayiag  his  tail  sheet,  there  are  easy 
who  feel  that  car  off-reed  vehicles  would  be  vastly 
Inprovud  if  they  functioned  sore  nearly  i»  the  fashion 
of  nature's  successful  lead-goiac  models.  talking 
machines  of  various  kinds  and  all  sises  appear 
regularly  ia  the  patent  literature  be* ins lag  over 
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or te  hundred  7**75  aro  [of.  KAcfcsUs,  1  8  40  )  ^  None¬ 
theless,  exc?pt  on  h^re  s\r ip  mining  plant  as 
described  by  Saw  (1966),  and  T.  Tucker1*  wonstnnse  KAVCIHELiS 
walking  barge  for  the  MabM«  (1930),  the  pur*  walking  mode 
hat  act  been  used  ia  practice.  PocW  employed  ’’steppers* 
working  in  conjunction  with  wheels  on  torn  of  hit 
marsh  buggies,  which  in  marginal  going  augmented 
wheel  traction  for  a  brief  period  during  each 
revolution  {Nuttall  et  al.9  1954),  but  this  vat  at 
best  a  poor  hybrid.  Thor*  are,  however,  rest ems, 
stesadng  fro*  terrnia-vohiele  relationships,  for 
looking  into  the  natter  in  light  of  recent  tech¬ 
nology  {Shigley,  I960,  mi;  Litton,  1964,  1965 ;  HaiA,  1964). 

fcscmnt  and  current  studies  hare  taken  two 
different,  fresh  tacks:  the  weltlleg  or  centipede 
approach  (Siddall*  1964)  and  the  biped  approach 
{Litton  and  Noser*  1963}.  Vhilt  apparently  feasible, 
the  ware-motzoa  multi  leg  approach  ia  cot  new 
exciting  any  rual  enthusiasm,  but  the  man-stabilized 
biped  or  quadruped  concept,  cleverly  capitalizing 
om  recent  servomechanism  ^erelopwmta  t#  utilize 
a  man  (the  driver)  at  the  necessary  balance  *&d 
control  computer,  it  gaiaiag  adherents  [of.  Hemio«t 
1146].  The  ATAL  Land  Locomotion  Laboratory  ia 
supporting  hardware  research  with  General  Electric, 
aimed  at  having  a  300-pound  load  carrier  In 
operation  within  a  few  years  {£e^«a*e  /owrwal, 

July  1966).  Lis  too  has  estimated  the  cress  -const  try 
speed  potential  of  the  biped  configuration  at  *$ 
mph.  Unfortunately ,  the  concept  appears  useful 
only  for  relatively  small  special  purpose  machine*, 
in  which  it  si/  overcome  easy  of  the  nasty  problems 
with  obstacles  which  bedevil  norm  normal  small 
vehicle*  confi gurations ♦ 
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dieted  to  the  walk!* f  conw^tf (  senantlcally 
at  least,  are  hybrid  vehiclet  which  incorporate 
mean*  for  ^jumping”  or  for  *inching*  in  special 
situations.  A  concept  for  *  juapiat  4s4  armored 
car,  which,  for  obstacle  negotiation,  could 
thecret ici 1 ly  wake  a  running  leap  of  several  vehicle 
lengths  through  the  releas®  of  energy  stored  in 
its  wheel  suspension  system,  was  studied  during 
WII  (GSRD,  1*44;  Icks,  19*$}.  The  investigation 
we*  carried  only  to  the  point  of  tests  ©f  *  single 
wheel  add  suspension  mock-up.  Problems  with  pro-* 
cis*  launch  control,  upon  which  flight  and  banco 
successful  reent ry  perf  onsaace  depend*,  war«  not 
solved  before  the  project  »i»  suspended.  Feasi¬ 
bility  of  a  "jumping  jeep*  has  recently  been 
reported  to  hare  boon  established,  and  serious 
design  begun  by  the  British  bar  Office  [The 
**tf*Ne*r,  1 $  June  19451.  The  project  it  classified 
sad  ac  information  baa  beam  ralaaied  as  to  the 
approach  taken.  (It  coaid  wall  be  an  air-cushion  vehicle.) 

-Inching"  describes  a  proposed  mode  of  loco¬ 
motion  for  vehicles  ragualy  resembling  that  of  the 
friendly  little  inch  worm,  anchors  his  front 

half,  bawls  ia  his  rear,  them  anchors  his  rear  aad 
poshes  forward  his  front,  etc.  Provision  for  such 
a  behavior  miy  be  incorporated  in  tho  joint  of  e 
frame  articulated  vehicle  {Y*£Af  19451.  It  may  also  be 
4aaa  by  so  meant  lag  the  wheels  ©m  a  machine  that  they  way 
be  moved  fore-and-aft  in  relation  to  the  vehicle** 
body,  and  braked  in  an  appropriate  cyclic  manner 
as  proposed  by  Sc^rbter  et  si.  in  their  thrust- 
step  patent  [  945].  Inching  is  basically  a  slow 
process,  and  bts  been  proposed  largely  as  a  built- 
in  self- recovery  system  for  use  in  case  of  bogging. 

Its  fraction  is  thus  similar  to  that  of  a  winch, 
or  the  capstan  sad  anchor  system  now  regularly 
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as«d  **  a  sK&Ulty  aid  to  K2i3#s  far  gottiaf  e«t  of  th« 
ta*&ls  of  Yitiruta  (>&oore,  !££$}♦  M  *s  auxiliary,  its 
speed  shield  b#  aooct  th#  caaw  •  -  X  Riles  oor  day; 

Its  coareoiaac*  greater;  bat  its  ysefetaess  om 
oxtrsmt  *s4/o r  slippery  slopes  far  lass. 

Fiaaliy,  while  neither  »ew  nor  tsausual  la  th« 

*****  of  previously  disc&ssad  ceftcepti,  tb« 
d«r»lapat^t  cn»r  the  past  tea  years  of  fcydroprecuwt ic  t&&k 
ausp^^siea  systvws  and  deep*  soft,  adjustable  tsj$p#asio*s 
jjs  morally  t  amd  t&#  wfk  ta  act  tv#  yystests  (A2C  Tl't  C3~ll , 
Seyp*  ll#  19*4;  ATAC,  IWS;  Other*  ot  al,*  19*S], 
ret;u, Irs*  meatier,  Tbos*  hardware  pregraas  or# 
opesi&g  lb*  w«y  to  tracked  vehicle*  with  opera¬ 
tional  speeds  i*  rough  terrains  tvs  to  three  tiees 
as  high  as  those  cf  curreat  tsdfMi,  should  the** 
truly  be  <$#$ired  fAYAC,  19*5}.  They  are  d**©*t- 
stratiof  aot  only  vast  a ay  bo  doom  but  also  vkot 
the  costs  will  b*«  Th#  fall  trait*  of  thes« 
developments,  hoover,  will  aot  Ve  apparent  until 
they  are  applied  to  properly  designed  ertseeiatad 
t**Liksd  mkieloo  where,  coflfcioed  with  sigei ficmtlf 
treater  effective  wbeeibeae,  thary  could  peneit 
truly  astonishing  performance*  Such  a  farther 
prcgrot  does  wot  yet  appear  to  b*  iz  the  cards, 
however. 
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i  2  sted  Vehicle* 


act  as  ©ya-CGtchtag  ss  cow  &£  tb* 

$*&?  configurations  just  rsvievad,  ibe  &&zt 
sig&if least  rocsiit  of £ *fWKj  design  iUyel0p*»at  has  o#*«  t  i*e 
s«cteft%ftti9  fsrectlosl  d*»om*c  ration  *sf  ih# 
feasibility  *a4  overall  fcc&ility  advostiagus  ia  all 
typ«?  of  soil*  t*4  difficult  terra*®  generally 

of  fraao  artatu  J&tics,  particularly  «  tracked 
vehicles.,  The  id$at  #*aia*  i&  aet  asv.  It4 
history  has  Ut*  s««£?£rt$ed  by  zh*  aeth&r  is 
r»Utica  to  w^lt4  <nbizlzz  [*»*£,  1**3}  sa<* 
tracked  vehicle*  (!$&<),  <&&4  by  Ogerkieuics  {1?*30  1**4} • 
Y»-pl aa*  or  sta^riag  eniosiatiss*  h«  beam  widely 
osod  on  vHmIm  c artfcswieg  scrapers  for  ftsay 
years  *  l-tkksr  was  tbs  first  to  recall  ts  today** 
off -road  rohicla  d»^i ^tn  seew  cf  the  edysatsges 
of  articulation  whoa  applied  to  tracked  reticles 
Uotoicm  et  ai.,  ItSI;  ftekker,  US3,  imj.  Ho 
hst  siac*  boon  imatisstivt?  ia  spplyisg  the  ssaiti* 
articulated  concept  to  potential  mi  rsklclas, 
sow  of  which  ocalara  sow  of  the  ismctlf»*l 
Sidmteges  of  articulation  by  the  ase  of  highly 
flexible  fra»s  {Yakker,  19*2,  1?$3;  Uor  IS**}. 

A  vekicle’a  f ttm  S3f  bo  artiatlated*  or 
jeitted,  at  qm  »r  several  places.  Eac^  joi&t  s*y 
3ll»  relative  mociaa  bertNMra  ea*L&*octod  u&i  t  ?  is 
tho  pitch  plant,  the  steering  or  plasm,  &sd/or 
ekomt  a  roil  axis*  Tfce  c**s  «s4  advantage*  of 
articulation  vary  tritfc  lists  p&rticolar  aoticas 
permit  tad. 

Articclatie«  la  the  yaw  pine  is  j-sr*  rally 
dome  to  provide  stesriag,  tkrsog^  ce-atroi  of  the 
articulation  xagie  by  fcyirsmiit  or  other  aosae* 

It  is  useful  om  rheeled  vehicles  becsmse  it  permits 


105 


i  *>-  •  *w>  'V  —*'»***  j 

l  '  *r  ' 


t  V  *  • 


v.^  xv 

*  -  *  -  #*^  *  **  '=2\2*VfV '  "* 

.  v  - 

f  • '  ;s5v ^ . . „  •  i  * '  ^  < 
-r*. 

■C*_s 


I*  * 


!  ft 


»:  ^  ^  r 


.K 


jT>.  ' 
./>* 


.r  ■•^VK.W4.v.  •> 


sue  ex  rt&lly  v%tck  if  st as  ©» 

vrMtSe*  hr  art icui st ios  re^^irt 

larj;^  tafitisa  in  the  esr«l#^<s%  srcessirst  i»s 

caltrs^saeat  of  tb«s  ess^o?**  er  a  s^rsre  redaction 
•U  Gamble  sp&e#**  2t  &i2#  S'^ssyvfcat  ais^Ufios  the 
tirifit  (as4  iusp^aaiofi*  #he&  fitted)  *£  tfcos©  **b»*is 
vHich  ve^ld  otherwise  b*  tteorei.  Tk$  spac* 
adrestsgts  &a4  dri r®  Ho#  sis^jii  fleet!©*  also 
s&oX*  practically  feasible  the  ©f  aaity  *©ra 
dTire*  vhs^ls  tracer  a  vehicle  at  the  elanr  perform- 
a»cs  exjyeass  ooly  a?  $e«&  tire  sewsffiag.  Eaeaaples 
©£  ysw?  *r^  ~?l*tio*  thczs  exploited  arc  the  AT  AC 
1x8  Quad  l*-'fc  [Sischotf,  lW]t  ike  m  10x10 
CMCrpt  (1$&SJ,  S*d  ?h€  Siwll  Lcckhsfcd  12x12 
{Tk#  Miliary  £x$i*4er0  Sep*Cct,  1$4S), 

Steering  by  controlled  yw  srtlaaixtica  is 
•vn  acre  ia^ortaat  on  tracked  vehicles*  because 
it  breaks  the  "steeriag  berri^r**  Ir  convent  i  anal 
tracked  vehicles,  whether  ccai?  truction  tractors  or 
tanks,  the  requi  reneats  for  cteeriE^  ispos© 
limitations  on  the  overall  proportion*  wbidU  are 
Mt  always  farerabl©  fro«  n  off-road  rievpoiato 
The  aeraal  tracked  rehicle  is  skid-st esred;  i.©., 
chm^e  is  beadiag  is  accomplished  by  chsagiag  the 
relative  speeds  cf  the  nr©  tracks  s»d  thereby 
derele^iaf  taming  ®©*©£ts  to  ©sercratii  resisting 
forces,  principally  ia  the  growd  c« tact  area. 

Far  reascaamle,  high  sjxsed,  straight  line  stability, 
tie©  reel©  ©£  trsck  Icaj-tk  ea  the  gr©»4  te  canter 
lins  track  tread  {L/TJ  should  ho  greater  thaa 
iqjproriMtely  1,2*  5a  practice,  ia  ©rder  to 
permit  steering  ©«  a  itard  surface  without  ercaasiw 
pwt?  v^ses,  the  rati*  L/T  sfemld  net  fea  greater  then 
a^r^xi.tstely  14  {Stands,  l$43f  Oct  arm: 

0,  S.  tmks9  whose  capability  u  pirn  steer  in 
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place  is  d*»r!y  laved  {perhaps  because  it  is  £»r  tb^a  safer 
th**  going  off* road  to  turs  srouad;-,  the  l/T  ratio 
Is  of  the  or 4«r  *f  1.4.  Europe**  ttsi  practice 
appears  ro  fiTor  L/T  rttio#  of  I.S-l  4.  0»  the 

successful  Robia *Kodve 1 i  RX-119,  low  |ro«4  pressure, 

S-tcn  carrier,  is  is  approxtsateir  1,1. 

Qr»  »£  tU  prlacipal  effects  of  steeriag  ratio 
limitations  is  to  force  a  gesertlly  ''stubby*'  fere. 
v»cm  skid -severed  vehicl e*.  Is  general,  the  ever* 
a^l  leaetb -te*«idth  aspect  ratio  of  cwrvstioei! 
skid-steered  vwfciclat  is  of  the  order  of  2:1, 
whereas  that  of  load-carrying  trucks,  for  example, 
runs  trowad  4.  This  liaitstloa  is  elaoet  olisi- 
sated  is  articulated  tracked  vehicle*  os  thick  the 
expect  ratio  nay  readily  bo  of  the  order  of  $. 

The  very  lsportaat  practical  neaolag  of  this  1* 
that  largo  tracked  vehicles  may  be  built  kaeiag 
truly  lev  ground  pressures  sad  aerrov  bellies 
without  goiag  to  ourrsgo.  .  widths,  and  that  saall 
tracked  rehiclos  nay  bo  gives  sufficient  lesgti  to 
achieve  reasonable  ride  aad  such  seeded  Icagitudieal 
stability.  Hiaor  advantages  over  skid-steered  vehicles  of 
the  sane  sweisel  unit  ground  pressure  alee  appear  to  accrue 
is  tractive  capacity  is  saov*  (hula,  195#}  aad  is 
decreasing  by  1  '2  pc  reset  thb  Uniting  seii 
strength  (RC2)  seeded  for  free  syuuisrrerlng 
[*XZ 2,  1965}. 

The  objects  *f  tracked  vehicle  steeriag  by 
frxae  articulation  nay  also  bo  achieved  by  the 
tssdoa  orrugswat  of  tracked  tracks  under  a 
tiagle  fraae,  as  ©»  the  Tucker  Sso-Cat  [19*5},  er 
by  the  seaitrailer  type  of  articalatien  as  on 
the  Xobia*#o49»»il  *3-123  {19*3} .  Trscked  tekiclao 
on  either  of  those  ^attains  are  son  terse d 
"srticulatad**  (Nett  ill „  lH4j  along  with  direct 
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frame  articulated  necklace,  l S«  erti tulatieo  is 
t!w>«  cases  rofarrlag  t *  the  divided  track 
structure  rather  tbea  te  the  Mis  frame. 

Articulation  t*  provide  tow  siplflcaat 
degree  of  reli  f r*«d«a  i«tr»n  vsits  help*  tlM 
vehicle  ss  •  whole  te  confer*  c i o s * i r  to  ragged 
terrain,  i«  ss  to  Mistsia  its  footing  (for 
tractioa  i*4  control)  aad  equalise  *Hm  1  or  track 
leadings  ea  the  ground  rr«  *Ws  so  suspension  is 
fitted.  Sea*  *f  tHo  advantage  of  rell  freeden  is 
last  mitt*  the  running  gear  ef  each  uait  can 
coofora  longitudinally  *•  i.a.,  is  s  single  axle, 
bogiod  tsadoa  axles,  or  a  evil  suspended, 
relatively  abort  track.  Of  coarse,  where  roil 
freedaw  is  allowed,  each  unit  isdiriduslly  oust 
hare  adequate  roll  stability. 

Pitch  articulation  peraits  loagitudlaai 
ccaforeaace  to  the  terrain,  which  is  sa  advantage 
la  weak  tails  tad,  neve  important,  gvoetip  inprove* 
vertical  obstacle  cross  lag  ability  (*/.  teikar,  1M2, 

19*3;  derris,  ltd!)  la  all  slses  tad  classac  ef  vakiclas.  It 

also  opens  the  way  to  increased  water  speed  tad 

bank  clinking  ability  is  twining  vehicles.  A 

pitch  joist  wry  profitably  be  node  lockable  saber 

driver  central,  se  tkat  toe  entire  vehicle  length 

can,  wbea  seeded,  be  exploited  la  t reach  cresting. 

If  f  art  ha  r  it  i»  selectively  smrtd,  se  that  the  and  a  or  the 
middle  of  the  vehicle  any  be  raised  under  driver  control, 
obstacle  cressiag  capabilities  and  hank  cliabiag  ea  exiting 
fro*  tbe  water  can  be  still  further  enhanced  [kilkie,  1M3J. 

Pall  pitch  art  leal  at  ion  requires  that  the 
uaits  connected  be  iadivi dually  stable  ia  the 
Ingitudiaal  plane,  as  on  an  articulated  tracked 
vehicle ,  the  1st  Casa  Coct  flfbdj,  or  the  «x* 

WSbl  {2  lane  ran,  ms).  la  bekker’s  "flex-f  ran" 
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concept,  pitch  1*  r*<tnlM4  bp  tyring 

action,  either  ectlag  ca  a  nechanieel  jeJnt  as  eo 
the  nultl-uslt  Cenersl  Motors  KOTt  (FUelii,  19S4) 
or  through  elastic  action  of  the  l turn  itself 
at  aa  tht  6x6  surveyor  CM  »oco  rrblcle  concept 
(kekker,  m>  1963;  Lee,  1944),  KkU|  K  paaaibla 
effectively  to  provide  pitch  srtlculetloa  between 
inherently  unstable  single  axlas.  fitch  freeeon 
makes  no  sense  oa  4x(  vehicles,  however,  tU  hence 
tack  articulated  wheeled  asekiaat  at  the  various 
COEl's  da  net  fully  capitalize  e«  the  artienlated 
concept. 


One  of  the  as j or  edvaatages  of  fraae  ertica* 
latloa  applied  to  tracked  vehicles  of  tap  size  it 
that  the  increased  length  possible,  even  necessary, 
greet  1 y  iaprovee  the  ride,  principally  by  reducing 
pitching  notions.  It  has  been  found  in  practice 
that  this  sdvsatsge  accrues  even  if  the  pitch 
joint  is  totally  unrestrained,  However,  still 
further  iaprovanents  nay  be  had  through  the 
provision  of  proper  deeping  acress  the  joist.  The 
possibilities  of  applying  to  an  articulated 
sachine  the  new,  deep  track  suspension  system 
motioned  earlier,  which  rnise  potential  cross¬ 
country  speeds  of  conventional  short  tracked 
vehicles  free  the  $-16  aph  range  tw  the  39*  ^>h 
range  (ATAC,  1943),  a*w  truly  exciting,  particu¬ 
larly  in  a  coafeat  vehicle. 


There  have  boon  numerous  proposals  for,  and 
studies  of,  articulated  tank  wessons  system  [*/. 
dm®?,  Kev-Doc  1962),  but  to  date  none  has  received 
sen  than  passing  consideration.  Problem  in 
amoriag  ;uch  a  vehicle  ere  evident  [»/.  Cger- 
kievicx,  1944).  Ihrcw?,  peadiag  the  development 
of  suitable  ceapeaenta  specifically  for  application 
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le  «rtlc«Ut*<  r»Mchi,  il wr»  uy  b*  V kt  wipu 
aa4  dollar  cost  p*aaitias  ia  «j»aJ]ri*f  thla  ensfi^a 
ratios  t*  •  } o4  *4tHz  tfca  r/  « 

wall-Jaralo;**  '  Iti  a-drastafes  cts 

oaly  b*  felly  iai»r«cist*4  vbaro  a  rabid®  is 
ra^uimS  with  •  m«  *?k itr  of  aoblllty  is  cue?«r*4 
tJ  eurraat  aachiaas,  la  this  cwatast,  full  **• 
ploltatlo*  of  tba  srticalatad  eoafijurstiaa  saj 
vtll  prav*  (Wiftr,  is  all  solas,  ?ks»  oltfear  t&a 
fare* 4  arelstiaa  «f  ?rcs#at  f ansa  lata  ®«w»?re*i' 
tics  *r  the  a i«p ?  i  out  af  eatiraly  41ff*r*as  basic 
naa.'af  jaa r  coaeapt*. 
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Th#  iaol  Prehl#* 

ulsi**ts  bests  for  Jedgiag  the  adequacy  of 
•ur  ailitery  off-roed  vehicles  l»,  of  course,  ia 
relation  to  tho  jcbe  expected  of  then.  Ia  19dJ 
talker  quoted  DC©  sources  to  the  effect  that  "the 
couplet#  g»*ut  of  tactical  vehicle*  if  inadequetc 
.  .  ,  so  proporly  perform  their  nissioa  .... 

Neither  our  c  cab  at  nor  ov  r  logistical  vehicles 

km  sufficient  off*rc*d  exility  to  peruit  the 

tpplicstio*  of  current  tactical  doctrine."  The 

situation  has  »ot  materially  changed  sine*.  Cos* 

sidered  aa  a  systen  or  Easily  of  Tehicles  for  use 

ia  tho  European  theatre  or  aiailar  geographic 

areas,  our  present  machines  sejr  be  Mtr  optimum 

whes  all  competing  factors  are  evaluated.  Coe* 

tide  red  in  relation  to  the  support  of  ground 

operations  in  tropic,  subtropic,  and/or  underdeveloped  areas, 

they  aro  desonstrably  inadequate,  with  tha  possible 

exception  of  tha  low  ground  pressor*  snow  rehiclo 

derivatives,  tho  M113  fo&iiy,  sad  tho  upcoatlag 

1X5 SI  Sheridan.  Even  these,  however,  appear  to  bo 

esly  interim  solutions. 

Attenpts  to  reriao  our  current  systta  of 
vehicles  to  achieve  tho  new  order  of  off*road 
nobility  required  fo?  these  extended  areas  wist 
ant  with  failure,  because  the  e«et  ia  tense  of 
ether  accessory  features  is  tee  high.  It  aseld 
■eon  "detuning"  this  ftaily  so  that  it  was  ae 
longer  area  near  optimum  for  its  suits  and  original 
purpose.  The  telotioa  Has  instead  ia  creatiag  a 
mw,  integrated  systea  of  grosaid  vehicles  for  us# 
la  these  sew,  significantly  aero  severe  environ* 
wants  {Sites,  1915),  a  spates  which  is  set  intended 
to  supplest  our  current  f tally  in  its  prayer  trees, 
which  is  not  competitive  with  it,  kwt  rsther  is 
ceapleaeatary. 
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Necessary  ground  ability  lsqproraaeBtl  mat 
be  significant  to  justify  tha  costs ,  as  l*\l  has 
pointed  out  (1565},  D**pite  a  widespread 
feeling  that  only  aartinal  ieproreaeats  ar® 
possible  {#/.  Prison,  l?tS} ,  t hay  caa  be  substantia* 
-•  especially  io  raiatioa  to  our  currant  Urals  of 
ground  ©obility  in  Yietnsa.  licwerer*  the  new 
rthicU  ay* tee  needed  should  not  be  considered 
just  "special  mobility  eouipmtnt"  which  eust 
justify  t  tf  existence  oa  the  basis  of  worldwide 
usefulness.  It  vast  be  considered  as  a  tyaiea  for 
use  in  parts  of  tha  world  only,  lar^e  parts,  but 
still  only  parts  [Fsarsoo,  19*bj.  After  til,  our 
currant  Europesc  family  of  vehicles  doe*  not  no v 
Mat  tha  tost  of  military  value  on  a  worldwide 
basis.  That  is  tha  problts. 

There  is  thus  claar  need  to  dacida  whether 
or  not  vt  seriously  intand  to  ba  capable  of  eilitary 
ground  operations  in  thasa  othar  sraast  and  to 
decide  furthar  whether  such  operations  arc  going 
to  ba  conducted  entirely  by  air  or  not.  \(  a* 
dacida  to  hara  tha  capability  to  operate  cn  tha 
ground,  we  must  stop  looking  for  chaap,  gadgtty 
answers.  We  mist  recognix*  that  a  collection  of 
toys  and  special  purpose  oddities  will  not  do  tha 
Job ;  that  what  ia  fact  is  needed  is  a  homogeneous 
of  practical,  flexible,  reliable, 
military  quality,  working  vehicles  specifically 
designed  to  operste  where  cur  p resea*  family  will 
not.  Fortunately,  tha  fundamental  specifications 
for  such  a  family  do  not  raquira  as  iapossibly 
elaborate  systems  analysis  Tha  reason  we  need  it 
is  simply  that  our  European  family  is  essentially 
immobile  in  tha  maw  conditions  of  interest  ••  ergo, 
a  second  family  whose  rery  reisea  d'etre  is 


substtA? i*l !v  increased  grevnd  mobility.  I*  these 
cirniBitinui,  tii  e tk* r  factor*  can,  indeed  sust, 
be  sacrificed  to  achieve  &  mv  order  of  mobility. 

Current  inow*hcw#  technology,  end  eaperieec* 
could  produce  such  a  family,  n«iis{  from  cargo 
carriers  through  armored  perse-an® l  carriers, 
various  veepcn*  carriers,  to  t  light  tank,  if 
fe»l  red.  Aa  of  the  nowat,  it  is  probable  that 
such  a  family  wouid  bo  all  tracked,  lorn  ground 
pressure  fleeter*,  and  that  all  wowld  bo  articu¬ 
lated.  Possibilities  for  high  parts  tad 
aaiatta ence  rationalisation  within  the  family 
{tht  faaily  vcacepi  in  its  acff  usual  and  Halted 
context)  would  be  great.  The  lob  should  after  all 
start  with  a  clean  slate. 

beginning  now,  the  current  st ate-of-the-art 
*tnild  support  the  development  of  th#  first 
fea'Srttioo  of  such  a  family  without  aay  further 
research.  The  first  generation  family  *ould  not 
bar  the  be?t  possible,  but  good  when  needed  is  far 
bettar  than  best  too  late.  Its  creation  would 
necessarily  involve  t  number  of  educated  guesses 
such  as  are  regularly  made  in  wartime  and  in 
ccsnereisi  development* .* 

If  the  job  needs  to  be  dome  at  all,  the  first 
generation  should  get  underway  immediately,  The 
current  state-of -th*-ert  would  support  a  good, 
sound  effort.  Tackled  within  a  proper  organi¬ 
sational  framework,  including  clear  lines  of 

•?k«  most  refiaed  syetema  taalyai*  also 
tavolr«8  similar  Jutcmeata,  eftea  09  eraeiti 
cattero,  but  fro^weatly  they  art  less  tkaa  irllm 
beeaaa*  th *7  bteoBc  bt?i«4  iokiufi  la  th*  math#* 
maiica  *h«r#t  after  a  vhilt,  only  the  teehaieiaa* 
taa  find  th«a. 
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respeasibl  11 1 y  to?  th«  aucceu  ©r  foliar©  of  each 
«atj or  phase,  luch  ©a  effort  ewild  eute**  t  i  ca  lly 
revitalise  a&d  redirect  both  ttrraia -vehicle 
retear ch  amd  eariroowatal  retearch,  aad  vould 
fore*  the  first-cut  at  t  realistic,  working  systems 
analysis,  The  continuing  research  thereafter, 
o^eratin-i  under  newly  clarified  requirements  for 
specific  kind*  nf  information  mad  with  ele*r  Haas 
of  raspocuibili ty  for  the  accuracy  ud  validity 
$f  the  methods  asd  results,  would  produce  the 
information  necessary  for  the  iaeritahle  t 
r*aerati»  of  such  a  family. 


'*** 
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It  bears  emphasising  that  the  results  cf 
research  ctn  vehicle-soil  sed  tthlcU-tamU 
relationships  kcve  clearly  shown  the  directions 
which  must  be  taken  to  improve  ground- er aw  1 Isg 
mobility,  and  ha \$  de&onst rated  that  there  or# 
easy  answers.  Fundamental  4a tenxinent t  of  the 
off-rc^4  Kerfvwsarce  ot  a  vehicle  are: 

1)  it*  overall  form, 

2}  its  scale  in  relation  to  satire*  ta4 

3)  the  level  cf  both  nominal  sad  p*ah  unit 
loadings  placed  by  it  ca  tha  gr 
It  is  patently  ridiculous  to  fault  the  research 
effort  for  such  findings.  Thay  art  fully  paralleled 
by  similar  fundamental  considerations  which  ship 
aad  aircraft  designers  hare  learned  tc  lire  with 
years  since.  According ly ,  what  r*^uires  examina¬ 
tion  and  rethinking  is  not  the  research,  even 
though  this  is  far  from  acceptably  complete,  but 
the  decisions  which  ha*#  b-*en  aide  in  the  light 
of  the  available  knowledge. 

The  proper  design  cf  a  vehicle,  coswiwrclal  or 
military,  for  off-rc$d  use  is  an  exercise  primarily 
is  mechanical  engineering  and  vehicle- terraia 
mechanics.  The  overall  configuration  of  a  vehicle 
should  be  dictated  primarily  by  the  terrain-vehicle 
relationships  necessary  to  achieve  the  required 
performance.  Thereafter,  design  07  selection  of 
its  components,  and  their  integration  into  a 
properly  functioning  mechanical  system,  is  primarily 


comments,  subsist#*},  and  rj*  t  e  r  1  s  I  a  avail¬ 
able.  CoBprcwi*<M  are  inevitably  rrcf^urv  ason^ 
the  s*ny  competing  subsidiary  requirements,  even 
in  1 h i 5  airsculous  a$e. 

It  Is  the  Banner  in  which  tr.ese  cc^nrcR i se s 
art  reached  which  is  the  heart  of  the  design 
process , 
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for  Off-Road  Or*  vx  t  \  rn 


Commercial  off-road  vehicles  are  developed 
essentially  on  a  system  basis  even  though  the 
systems  are  generally  far  slepier  than  in  the  alii- 
t*r7  osc.  Mission  profile,  the  job  to  be  done, 
even  when  quite  broad,  is  relatively  easy  to 
specify,  Extensive,  closely  parallel  experience  provides 
suitable  models.  The  value  system  is  simply  the 
dollar,  Optieitation  normally  takes  place  not  in 
a  computer,  but  in  the  marketplace,  but  i<1  of  the 
elements  are  there. 

A  major  point  of  departure  between 
commercial  trends  and  military  design  is  in  the 
continually  Increasing  size  cf  much  of  the  com* 

Nrcial  machinery.  This  has  been  mads  possible  by 
lack  of  some  of  the  constraints  under  which 
military  equipment  is  conceived.  While  the  primary 
reason  for  the  growth  of  individual  machine  sizes 
is  related  to  the  economics  of  labor,  there  has 
been  a  tangential  increase  in  their  mobility  t%  a 
result.  This  is  simply  a  scale  effect.  The  com¬ 
mercial  field  also  permits  relatively  close  state* 

•eat  of  the  vehicle1*  job  description  and  of  the 
specific  envi rouawnts  in  which  it  must  work,  so 
that  more  sped  all  ratios  is  possible  than  is 
thought  by  the  military  to  be  opsm  to  them.  This 
also  has  produced  some  marginal  mobility  gains. 

Inasmuch  as  the  maximum  requiressant  for  mobility 
la,  due  to  the  nature  of  commercial  operations, 
usually  less  than  is  the  case  of  normal  military 
equipment 5  the  almost  accidental  net  gain  in 
operational  motility  has  often  been  noticeable* 
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A  sc cord  f-ijor  trend  in  cert* r»:  j  a  l  develop* 

pjralhl*  *  bssic  military  tre~d.  Al*09t 
uniferaW,  esph**  is  lies  been  upon  irproving 
mechanical  performance  and  reliability  rather  than 
extending  the  rmjf  of  environmental  conditions 
m  which  t^ese  vehicles  will  operate  f ef.  *einart, 
1966;  llyic  r  ,  1S66]  . 

Of  the  several  classes  of  coa*ercial  off-road 
activity,  by  far  th*  aost  prevalent  are  those 
involved  vitn  agriculture  and  earthnoving. 

Although  both  types  of  activity  are  often  delayed 
b /  leather  conditions  (e arthaove rs  up  to  SO  percent 
of  the  time  (Archer,  196$]),  which  translate  into 
poor  soil  conditions,  the  t« rrain -vehicle  aspect  of 
the  perforaance  of  current  vehicles  in  agricultural 
and  construction  service  is  not  generally  considered 
•eriously  deficient.  There  is,  however,  s  beginning 
awareness  that  the  situation  nay  be  significantly 
different  in  areas  outside  of  the  te^erate  clinat* 
where  nost  of  the  action  has  been  (3urks,  1966). 

Agricultural  problems  have  provided,  and  still 
provide,  the  iapetus  for  aany  of  the  practical 
nschine -oriented  soils  studies*  The  question  which 
led  Scrrstein  to  forsulat*  his  siapie  soil-wheel 
analysis  (1513]  related  to  far*  tractors,  for 
exanple.  The  rotabl*  pior>eering  studies  of  sot! 
notion  under  wheel  action  by  HcXibben  (1938),  the 
fiist  systeaatic  experimental  studies  of  tire  per* 
fonunce  in  soils  {SAB  Cooperative  Tractor  Testing 
Ccamittae,  1557],  and  the  considerable  ground¬ 
breaking  work  ©a  soil  dynamics  in  relation  to 
tillage  problems  [of.  Kichols  et  ai..  1931-1931) 
are  further  examples.  Despite  this,  A~d  despite 
the  relatively  long  existence  of  such  Enchinery 
oriented  research  facilities  as  the  National 
Tillage  Machinery  Laboratory  (Reed,  1964)  and  the 
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Agricultural  Experiment  Station,  Univsrtitv  of  Nebraska, 
Lincoln,  tht  design  of  the  far*  tractor  Ittslf,  from 
tht  viewpoint  of  efficient  traction  development,  has 
not  been  notably  bassd  upon  con* iderat ions  of 
theoretical  soil-vehicle  rela t ion ships .  Rather,  the 
approach  has  been  pragmatic,  baaed  upon  field  experience, 
Progress  haa  been  evolutionary .  steady,  and  tociy's 
tractors  art  very  effective  indeed  for  the  environment* 
in  which  they  have  evolved.* 

The  situation  is  now  changing  rapidly,  however,  as 
evidenced  by  the  numerous  university  and  Industry -sponsored 
soil  bin  research  facilities  springing  up  (Appendix  I), 
and  the  growing  number  of  papers  before  the  ASAE  on  soil - 
traction  and  soil  dynasties  studies  [of*  Reed  *  1951;  Ritchey, 
1959;  Ceghar  and  Fausti,  1961;  Rowe  tad  Barnes,  1961; 

Vandtn  Berg  and  Gill,  1962;  Vanden  Berg  and  Reed,  1962; 
SBhne,  1962;  Forrest  et  *1.,  1962;  Southwell,  1964; 

Siemens  et  al.»  196$;  Xuether  and  Reed,  19.5;  Reaves,  1966; 
Taylor  and  Ya*xitn  Berg,  1966;  McLoed  it  al.,  1966).  la 
this  respect.,  United  States  efforts  have  fellea  behind 
thote  which  began  just  sfter  *?*II  in  Europe  (at  the 
National  Institute  for  Agricultural  Engineering,  G.  B.ff 
and  the  Agricultural  Research  Center,  Braunschweig- 
Volhenrode,  Germany,  for  example),  but  there  is  no 
evidence  that  our  tractors  in  practice  have  as  yet 
suffered  from  this  lag  in  theory • 

Current  agricultural  tractors  are  almost 
universally  aounted  oa  tires  operating  at  6*22  ps£ 
inflation.  Tractor  size,  whether  measured  by  the 
sstxiacusa  sizes  available,  or  by  the  average  size 

°I%  is  disturbing  te  sets,  nonetheless,  that  it  was 
repeated  at  the  2965  mcretieg  of  the  AIB*  that  2a  adders, 
high  prodettioa  U.  0.  Afrit tltarai  practise,  the  total 
mesh&aieal  energy  srpesgs*  la  preparing  and  maiatalalmg 
the  soil  and  in  harveetifig  the  crop*  from  it  ~~  t raster 
fmel,  electrical  power,  etc.  la  more  Uu  the  eolerie 
valae  ef  the  useful  foedstef/o  predated  (lergstre®,  196$1« 


sold,  has  i.icr^fiSfd  rapidly  in  tht  past  few  years,  both  in 
power  and  weight  l*orth inglon ,  1966),  Aji  increasing 
number  of  all -whe  e  i  -dri  v#  machine*  are  now  offered, 

%ome  using  chassis  articulation  for  steering  (<?/* 

Buchele,  19S9,  ^alters  »t  el*,  i960;  Dowel  and  Rac«,  1564 
Dreyer,  2  ^  6  S  } .  Tires  on  the  larger  ^2achines^ 
although  still  selected  on  e  philosophy  of  the 
smallest  which  will  do  tht  job  under  "average 
severe  conditions*"  (Viliers  and  Vorthington,  195.$], 
are  of  physical  dimensions  wnich  only  a  few  years 
ago  were  considered  to  be  appropriate  for  earth- 
stovers*  There  is  increasing  understanding  that 
tire  tread  changes  can  produce  only  minor  improve¬ 
ments  in  performance  onc«  a  modest  sei f -cleaning 
grouser  has  been  provided,  and  radial  ply  tires 
are  seeing  increasing  usa  [Remus,  1965], 

European  fans  tractor  practice  closely 
parallels  that  in  U,  S.  tractors,  although,  for 
economic  reasons,  the  largest  sixes  are  still  not 
being  produced  in  Europe,  Locking  differentials 
are  popular  on  European  Richines  because  of  tht 
slightly  wetter  general  farming  conditions  and  the 
extensive  use  itill  of  organic  manure  fBrohm,  196S). 
Serious  study  of  farm  tractors  suitable  for  uce  in 
the  signi ficant ly  different  environments  of 
undeveloped  countries,  and  particularly  for  rice 
agriculture,  has  recently  begun  {Johnson,  1965, 

1966],  For  the  near  future  tt  least, 
smaller  and  simpler  machines  are  indicated  for  such 
service,  but  th$  soii-rtitted  performance  of 
current  mas? -produced  tractors  is  not  adequate. 

Solution*  being  proposed  are  no  more  exciting  tbaa 
the  fitting  of  larger  tires,  however* 
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The  size  of  earthaoving  aachlnery  has  grown 
tM).  nore  rapidly  than  that  of  fara  tractors. 

Except  for  tha  oar.iprraant  "Cat*-  and  its  coapeti- 
tor*  (whose  re lstlonships  to  the  ground  hare  been 
Static  for  nearly  70  years),  earthnoving  plant  is 
aw  alno-t  entirely  on  large  tires  operating  at 
inflations  of  2S-SC  psl  (Rodim,  IMS).  Although 
recent  studies  have  indicated  that  tire  pressures 
may  be  of  the  order  of  five  tines  the  cohesion  of 
the  soil  on  which  the  plant  is  operating  (Fenton, 

196 S 1 »  current  practice  has  been  optlnized  by 
experience  rather  than  theory.  The  present 
approach  to  dealing  with  nobility  problems  during 
earths*oring  operations  is  to  alter  the  terrain  to 
suit  the  earthmover  rather  than  to  strive  .or 
improved  soft-soil  performance  in  the  plant  itself; 
that  is,  tha  problem  is  solved  by  terrain  modi¬ 
fication  (W.  Jorecka,  1964).  The  major  tire  problem 
is  erne  of  overheating  on  long,  relatively  high¬ 
speed  hnuls,  and  tires  are  sized  as  match  by  this* 
consideration  as  by  soil  considerations ,  within 
the  general  inflation  eonst/aint  (Clendemen,  1959; 
Hac/arland,  1364;  lurks,  19**1. 

Vfcile,  from  the  soil-vehicle  relationship 
viewpoint,  the  design  of  eerthaoving  vehicles  has 
been  based  entirely  upon  practical  experience, 
this  situation  also  is  changing  [of.  IN!,  19*5). 

The  industry  sees  its  major  job*  as  still 
ahead  (Eberhard,  19*4;  larks.  It**).  And  still 
bigger  machines.  According  to  LeTmrmeas,  'Thera 
era  mm  big  jobs,  there  are  just  snail  machines" 
(Jsans,  1966).  Earthmover*  with  aa  aggregate 
i&Atsliad  power  of  the  order  of  IPOS  H?  are  net  near 
unusual,  end  still  larger  power  plants  tad 
wtmtry  drive  line  components  are  under  develop¬ 
ment. 
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the  rouir- rn;  hj*  become  Mf  r  'jrrrr,  there 
has  rrc’f'* rl*  been  increasing  concern  •it.*',  it*  etfi* 
c  tenc v •  and  both  the  vehicular  and  the  rartkno»in» 
rarts  of  the  jvstra  arc  coning  increasingly  under 
systematic  study  (:f.  Nelson  and  ^rlig,  1964;  ^sman, 

19(>4;  Met t laratchi ,  1 9  <>  S ;  Little,  196S:  Pavne  et  ai., 

196S.  Veece,  196>).  In  addition,  the  construction 
eauirment  industry  is  now  supporting  a  nuaher  ol 
in-house  engineering  research  effort*  in  the  earth- 

moving  soil  nechanici  field,  of  which  the  Caterpillar  I 

effort  is  the  most  proninent  (Cobh  et  a!..  1961: 

Sullivr*.  1964  ;  Cohrcn,  1964).  The  ride  dmaiaics 
of  earthnovers  is  also  coamg  under  study  |Burks 
and  Carter,  1966:  Liljedahl,  1966.  McC.uire,  1966|. 

A  relatively  new  concept  in  earthmovin* 

Machinery  is  the  use  on  the  uasic  earthooving 
vehicles  of  powered  ".uxillarv  loading  devices, 
vibratory  tcois,  etc.  (cf.  Hendrick  and  Buchcle,  1965: 

Stuilcr  and  .lohnston,  1965),  to  reduce  the  dependence 
of  the  loading  operation  upon  vehicle  traction. 

This  is  an  example  of  the  "end-run"  attack  on  soil- 
vehicle  piobleas  which  is  soaetiees  open  in  coa- 
aercial  work  hut  not,  in  any  obvious  way,  to  the 
designers  of  Military  machines. 

As  in  earthaoving  and  agricultural  Machines, 
the  large  trucks  used  in  the  Mining  and  construction 
industry  have  also  becoae  diesel  plants,  on  tires, 
increasingly  with  all-wheel-drive  (Cass,  1955;  burgess, 

1956;  Kolinger,  1957;  Stornberg,  1957;  r.rittuk.  1959; 

Eaton.  1962;  Moreno  and  Doaes,  1965;  Aitken,  1966: 

Cashaan,  196b;  Kress,  1966;  Lloyd,  1966).  These 
are,  significantly,  termed  "off-highway"  vehicles 
rether  than  "off-road1,  vehicles.  They  era  designed 

not  for  cross-country  work  but  for  operstions  on  i 

trails  end  secondary  toads,  etc.,  which  cay  be  j 
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rough  and  slipprry  and  »uddy  but  esc  usually  be 
counted  upon  to  offer  lorn*  sort  cf  flr»  fating. 
These  aschlncs  are  gen*  ally  cha rtcte ri ted  by 
ruggvdntss  (Watkins*  15t>>]  and  careful  matching  to 
the  specific  individual  transport  Jobs  to  be  done. 

In  tn«  design  and/or  selection  of  vehicles  for 
this  type  of  service*  D.  I.  Carr  (Dart)  lists  the 
governing  design  coaaideratioos  t*  follows  (lft$4): 

a)  Co-the-job  production  required  of  the 
fitfet  or  system 

b)  Haul  road  profile 

c)  Type  of  materials  to  be  transported 

d)  Site  and  type  of  loading  equipment 

e)  Unloading  requirements 

f)  Environmental  operating  conditions 
(rolling  resistance*  adhesion*  altitude* 
end  temperature) 

g)  Specific  requirements  due  to  geographic 
location  (availability  of  various  types 
of  maintenance  equipment*  training  level 
of  drivers  and  maintenance  technicians, 
stature  of  operating  personnel*  etc.) 

Suitable  secondary  road  construction  and  maintenance 
am  assumed.  Basic  design  priorities*  after 
performance  is  assured*  are: 

a)  Safety 

b)  Availability  (which  includes  both  mobility 
and  reliability) 

c)  Serviceability 


Tiro  sires  are  selected  both  from  the  viewpoint  of 

vehicle  performance  mad  e£  reed  maintenance.  i 

Tin  costs  coast! tat*  tho  aajor  flat** 

f 

com* moat  of  oporatiag  cost  for  veklelos  la  *iaia$ 

a»4  3«a;ry  work,  tsA  on  a  45 -t mi  payload  track,  | 

suiateaaaca  a*  4  repair  &s  a  vfcalo  My  res  to 

$4948  *«?  «oatk.  This  class  of  aacklaa  is  comatiy  i 

peMtrei  with  app roaiaataly  4-7  HP/7  GYt,  oporatoa 
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« t  costs  cf  t  $♦  "f r  ton*«iJe  cf  csvlcsd 
(.jtticJ  o-e  *4/,  *«tS  a  fuel  c  •’ vj*rUon  of 
ten -riles  vf  per  I* Hen  of  d>r*e!  f  it  1 

Life  f  f  the«e  vrMvles  >*  c*  t*.e  order  ^  f  10  rears, 
or  S  9  , M  °  9  hct-r*  rf  cperstton.  Models  for  computer 
opt i *i i at i on  cf  route  lavout,  reticle  character* 
istlcs,  maintenance  programs.  etc.,  for  such 
fiaed  route  operation*,  are  now  in  use  (Pratt. 

-  nes  * . 

Related  to  these  machine*  are  the  generally 
mailer,  but  still  lar;e,  rugged  trucks  used  in 
wore  general  off-hic*wav  transport  service  by  oil 
co-epanies,  lesjir.t  companies,  etc.  These  vehicles 
are  even  wore  closely  related  to  their  on-highway 
cousins  than  to  the;r  big  brothers,  although 
various  special  features  such  as  oversize  tires, 
all -wheel -drive ,  heavy  duty  radiators,  etc.,  raise 
their  cost  by  a  factor  of  2  or  wore  (Kerr, 

Brown  and  Dorsey  fKenworth)  list  considerations  for 
this  class  of  truck  as  follows  (i960]: 

a)  Installed  power  should  be  S  HP/T  or  wore 

b)  Flexible,  high  deflection  tires  should 
be  used  to  give  nominal  operating 
inflation  pressure  of  approximately  50  psi 

c)  Suspension  systea  and  freae  • v 1 d  be 
designed  to  equalize  ground  contact 
pressures  aaong  the  tirer 

d)  Radiator  capacity  must  be  adequate  for 
long,  full  power  hauls  at  aabieat 
temperatures 

a)  Proportioning  intaraxle  differentials 
should  le  used  to  provide  proper  torque 
allocation  among  all  driving  wheels  at 
all  tiaes 

Brown  and  Dorsey  stress  that  tha  most  troubleaoae 
problaa  is  concerned  with  the  physical  and  aechani* 
cal  accommodation  of  adequately  large  si.es. 
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The  French  fir*  fte.iiet,  fro*  *c 

demonstrated  tve  feasibility  of  truck  convor 
o^rrotions  across  th*  Sahara  Pesert  fBerlict, 

1964).  On  severs!  traverses  of  up  to  1 >00  mil es, 
th#  700  HP  trucks  used  *ach  carried  apprczifcwtel y 
100  tons  of  pay  1  o*d  and  covered  100  to  ISO  miies 
?>er  day,  *«rliet  considers  that  reliability, 
comfort,  handling,  >?*f*ty*  and  noise  level  are 
pri*»  factors  In  the  design  of  a  vehicle  for  this 
type  of  serried, 

There  is  a  growing  market  for  rugged,  media*- 
size  of f -hi ghwey  trucks  for  daily  use  upon  the  trails  a*d 
secondary  roads  which  predominate  m  undeveloped  countries. 
This  market  essentially  overlaps  *  he  3/4  ton  to 
10-ttm  *i  1  i  tary  truck  field.  B.  D.  Irvin  {m*} 
considers  that  the  ley  to  a  successful  commercial 
vehicle  in  this  field  will  lie  in  the  provision, 
at  **a  dollar  a  pound,*4  of  a  suitable  high-travel, 
low-rate  suspension  system  to  protect  the  vehicle, 
carjo,  and  road  at  relatively  hither  speeds  than 
art?  possible  either  with  current  trucks  of  on-road 
lineage  *r  with  kk’II-style  military  trucks  in  this 
genoral  site  class.  Unfortunately ,  the  desired 
reconciliation  cf  the  cost  of  providing  such  a  suspension 
with  an  economically  viatsie  consumer  price  has  vet  t- 
he  m aor.  either  for  the  civilian  or  the  eilitarv 
Japanese  manufacturers  are  looking  closely,  bat 
(so  far  as  is  known)  unimaginatively ,  at  this 
market  (kawada,  196S), 

?«©  off-road  vehicle*  m  commerce  having 
performance  in  difficult  terrain  of  the  order  of 
the  »r*  able  ailitsry  vehicles,  or  better,  are 
limited  primarily  to  those  in  use  by  th*  oil 
industry  in  their  exploration*  work  in  such 
extremely  difficult  terrains  as  marshes,  **sk*jr. 
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otc.  ^jtbers  rrqu:r*d  arv,  br  norsal  production 
standard,  limited.  As  t  result,  tve  supply  cf 
such  machine*  has  been  left  largely  to  sbiU 
specislists  firms.  These  groups  have  each 
generally  developed  several  Imaginative  vehicles* 
eft cn  unusual  in  s it*  or  appearance  and  of?en 
tailored  to  a  relatively  narrow  r*nge  of  conditions 
{fcobin-Kodwell,  1965  ;  Tucker,  1963;  Quality.  I***; 

♦.RICO,  1964],  Some  of  the  marsh  buggies  *•  b*fi cnang 
with  th*  1959  Culf  4x4  oa  10-foot  tires  [Jacobson,  194S) 
end  now  exemplified  by  various  lightweight  frame 
machines  utilising  four  large  Terra-Ti^es  or  vide, 
aluminum  slat,  ponton  tracks  --  are  the  "oon- 
strosities"  to  which  Philippe  has  referred  {1964], 

The  design  approach  to  all  of  these  machines  has 
been  entirely  s t rai ght forward  and  untheore ti cal  * 

The  requirement  for  uninterrupted  mobility  while 
doing  the  job  to  be  done  in  the  problem  terrain 
comes  first  and  foremost*  Ability  in  a  specific 
situation  cannot  be  faked,  and  the  problem  area 
cannot  be  avoided.  Accordingly,  any  and  all  con¬ 
straints  which  conflict  with  these  requirements  are 
relaxed  as  necessary.  Choice  of  which  constraints 
to  be  loosened  ii  entirely  up  to  the  judgment  of 
the  individual  designer.  The  final  solution  is 
often  arrived  at  by  evolution,  seldom  without 
considerable  "cut -and -try '*  [.s’utlali  et  el.,  1954] . 

Cost  is  a  major  factor  in  the  design  end  con¬ 
struction  of  such  vehicles.  Although  production 
economies  are  never  possible,  the  nsxt  best  thing, 
the  use  of  well  developed,  high  production  com¬ 
ponents,  is  fully  exploited.  It  is  ia  this  latter 
area  that  most  detailed  design  compromises  are 
worked  for  this  class  of  vehicle. 
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#Mle  the  overall  performance  of  Kit  of  the 
ce*«»rcl*l  spaclsl  -purpose  vvhlclv*  it  excellent 
ia  thoir  own  special  condition*,  it  is  fre^uestly 
peer  iu  *i  fniflcsntly  differs*!  conditions  (?/. 
Schaldt,  1949}.  S'-raorv  ? ,  neither  the  United 
wrlit  for  these  ishicles  nor  tn*  resources  of 
their  several  sanufacturers  will  *  op  port  the 
elaborate  vagiaeering  and  dev*lop«*t  effort*  which 
regularly  go  late  military  as 4  production  (Momiil 
deeigt is.  A*  a  result,  the  reliability,  «wn  tf 
those  built  ever  the  years  in  iom  quantity,  is 
gou* rally  considerably  less  the*  desired  by  the 
military  Jo/.  US ATI,  1962}.  It  is  particularly 
poor  when  tb«  vehicles  are  used  ia  terrains  for 
which  they  were  not  designed  and  subjected  to  the 
calculated  abuse  which  appears  to  bo  a  major 
foaturo  of  evalootioa  by  the  ailitary  of  this 
kind  of  equipment  [#/.  Swamp  Fox  I,  1962). 

Labor  economics  bare  resulted,  la  the  past 
tea  years  or  so,  ia  the  development  of  some  highly 
•ofeile  logging  equipment.  This  work  began  in 
Canada  in  abo«t  19S0  under  the  auspices  of  the 
palpwood  industry.  After  say  years  of  experiment 
la  the  field,  the  general  patters  of  these  sachlses 
is  »w  set-.  They  are  short -coop led,  ltrge*tlred 
4x4  vehicles,  steered  by  frnmo  articsiatioR,  and 
are  exemplified  by  the  Canada  Car  "Tree  Parser" 
1196*}  and  the  Koehring-daterous  “Tore artier" 

(Oeeige  #«»*,  16  Sop  1964],  Unlike  the  military 
COX’S, which  say  ewe  somrwfast  to  tkse  they  have 
adhered  acre  closely  to  low  tire  loadings  sad  tkii, 
with  their  clone -co«plai  ceaflgwratlee,  gives  thea 
higher  ”ge,  ao*ge“  mobility,  sore  la  line  with  the 
potential  of  the  large -tired  articulated  4x4 
comcept.  Like  the  GG2X*s,  however,  they  are,  i*  the 


-  W- ’ 


*  .7*  _S,~ *  J* 

!  r  **—■'*  '  ■j?r  s 

:-~,v 


V  v' 

f4  ,  -V  «  * 


*  ^’^5? 


-  *'  '  4  */»/  r^- 

-  -_r  '  a •  '  2  1  r-os^^Lfb 

■.  .  -  . * “tT. 


■we»*Y 


9 


»J5  '  "  ,  ►-  „  *,  Jjy  f  \  t- V-  *  '  .  / "  5‘>r  *.  v  ’■ 


interests  of  r u*  jednet  s  ,  simplicity,  rd  i?sr«# 
•unsprung.  A*  *  rsiuit,  their  profrfji  through  ?Le 
ti  abort  4  land  for  *Mch  they  were  d*f  j  p#d  is 
2lc«*fd  to  fi  crsw!  by  tntir  •'cu*!  r-ie  in  crossing 
s  t  U-Sp  i,  slash,  rocii  f  etc. 

Despite  the  latter  po r for sane*  Halt,  thess 
machines  are  considered  satisfactory  and  sie  rev¬ 
olutionising  the  pulpwood  industry.  They  are  f*ow 
being  fold,  at  150,000  to  i 50,000  per  copy*  depending 
cn  titt  ar»d  the  extent  of  integrated  timber  handling 
equipment,  at  the  rate  of  cpproiinsttlr  t*o  thousand 
per  year  {C.  F.  Silversidea,  Abitibi  ?cv« r  I  Piper  Co. 
Ltd.}.  In  Canada.  sodifications  of  this  t*pe  cf  ma¬ 
chine  are  replacing  saall  commercial  tracked  vehicles, 
such  as  built  by  Bombardier  and  Kodvtll,  in  *sny  cth*r 

moderately  difficult  off-road  jobs,  in  which,  although 
their  uitical*  off-road  performance  is  t cmewhat  Jess, 
their  maintenance  and  operating  costs  hay*  proves 
to  be  sow  75  percent  lower,  The  net  result  Is  a 
reduction  in  overall  operating  cost  of  approximately 
20  percent,  arxi  the  trade-off  is  considered  a  good 
one  (Caupbell.  i 96S ) - 

There  is  a  growing  sarket,  particularly  i. r? 
effluent  Aatrici,  for  various  types  of  of f-rcad 
sports  vehicles  fo/.  Gilbert,  1366;  Canteen,  1366}. 

Ia  this  country,  Ifillys,  Ford,  and  Interactional 
Harvester  no*  offer  spall  jeep-sis*  4x4  vehicles 
for  sport  or  work.  Fifty-fir*  thousand  such 
vehicles  uere  sold  in  136$  [fe»  fork  23  Aug 

1365],  and  Ford  estimated  that  its  bronco"  would 
accouat  for  one  percesrt  of  their  vehicle  salts 
Ik  2966  [Axeirad,  1966}*  Is  the  considerable 
market  for  this  type  of  machine  is  less  developed 
countries,  where  jeep-type  vehicles  are  strictly 
utilitarian,  these  U.  S.  vehicles  cespev*  with  the 
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more  rugged  ani  better  sprung  British  Land  ?over 
(which  alio  offers  a  diesel  engi  r»e) ,  the  *ercede* 

^eat  lni»of  line  [fke  2t  Oct  136$),  iq 4 

similar  site  Japanese  vehicles  (IritaRi,  1 9  6  S  J . 

These  small  commercial  4x4*$  have  the  same  order 
of  cff-roid  nobility  as  the  military  jeep.  In 
their  design,  this  order  of  performance  and  the 
basically  similar  loadings  end  coafigwrat ions  needed 
to  achieve  it  art  accepted,  tmd  the  engineering 
effort  Is  concentrated  on  cost  reduction,  reliability, 
and  parts  rational! ratios,  and  2a  some  cases  upo* 
•akin*  ihe«  more  acceptable  for  fsmily  on-road  use 
(Hartman,  196SJ.  ^ 

There  is  also  on  the  market  as  iacressin* 
range  of  still  smeller  wheeled  vehicles,  triggered 
by  the  initial  excitement  over  the  tiny,  skid- 
steered,  plastic  6x0,  low  pressure  bag-tired 

fro*  Canada.  Hany  are  thinly  disguised 
copies  of  the  original.  Complement  in*  these  are 
growing  numbers  of  very  small  tricked  and  ski-track 
vehicles  essentially  for  snort,  of  which  some 

20,000  wers  sold  in  196$  !**e*{we  Dttign,  20  Jam 
If 66 J .  A  *  1  have  been  designed  around  a  clever 
arrangement  of  available  hits  and  pieces,  with  a 
specific  sports  market  and  cost  target  in  mind, 
blschcff  has  cataloged  a  variety  of  current  small 
vehicles,  wheeled  and  tracked,  which  have  recently 
been  examined  by  the  Army  (1964J.  Kone  of  these 
toys  teach  much,  however,  both  their  Job-ability 
amd  their  baaic  off-road  mobility  are  low  by 
current  military  standards,  particularly  when 
conditions  are  severe. 

The  Thick©!  Corporatise  and  tefeim-Kodvel ! 

Have  made  considerable  efforts  to  introduce  some 
mil,  commercially  conceived,  tracked  vehicles 
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Into  the  military  avatem  f^rrvtr.  f»n.  3W-I0). 

(n  each  catc  t * e  design  effort  hat  conflated  of 
acccrtinf  a  desired  payload,  a  nominal  around 

pressure  level,  and  a  steering  eonfigurat ion ,  which 
earerience  hss  Indicated  will  generally  work,  and 
thereafter  attempting  to  hold  wMghts  and  cotta  In 
line.  These  tlnv,  nimhle  machlnn*  a'*ay»  have  a 

certain  faaclnation,  particularly  to  thote  who  wee* 
once  hoy  Scout*.  Although  their  performance  1*  good 
In  margins!  toll  condition*  f c f .  Forrts,  1964|,  they 
yeneratly  servv  mainly  to  demonstrate  the  difficulty 

of  building  a  small  off-road  vehicle  which  la  truly 
mobile  and  a  cheap  off-road  vehicle  which  la  at  all 
reliable  [cf.  SiSMC,  196S-  Tolar  Strike.  m$|.  A 
poaaible  exception  la  the  well  designed,  Inexpensive 
Swedish  half-ton  carrier,  the  Snow-Trac,  which.  In 
snow  work  at  least,  rppeara  Quite  rood  (*o1qp  haord, 
Sep  1964 J.  A  somewhat  laryer  (l-l/2-tun)  snow  vehicle, 
built  by  Hotchkiss  for  use  by  the  Tinedltlons  lolalre* 
Francaises  in  Antarctica,  was  unveiled  in  1966  ffAe 
Mpfneer,  Teh  1966|,  but  nothing  is  known  of  Its  cost 
or  field  performance. 

Except  for  some  of  the  vehicles  for  oil  explora¬ 
tion  work  In  extreaio  terrains,  and  the  uhloultoua 

tracked  construction  tractor,  current  working  commer¬ 
cial  off-road  vehicles  are  almost  entirely  on  wheels, 
and  this  discussion  of  doaign  approaches  has  accord¬ 
ingly  dealt  thus  far  largely  with  wheeled  vehicles. 
However,  the  situation  with  regard  specifically  to 
commercial  tracked  vehicles  is  fundamental ly  similar. 
Th#  development  of  slow-apeod  construction  tractors, 
which  account  for  tho  overwhelming  hulk  of  commercial 
tracked  vehicles  built,  has  long  since  ceased  so  far 
as  Its  soil  relationship  Is  concerned.  Their  configu¬ 
ration,  and  even  their  basic  ground  loadings,  nave  net 
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chanted  •aterlillv  in  SO  vea r«  Jcf,  T  C nfi n* ee,  ITI ? : 
t  e  tros  %  19181,  for  the  toh«  for  wHch  are  intended 

however,  there  arrears  t0  little  to  asked  in 

this  rccsr-J,  in  Kcneral.  a  variety  of  track  widths 
and  erouser  heitht*  ire  available  for  ea^h  »achine, 

*hi<:h  permits  adaptation  to  a  wide  end  useful  ranre 
of  vorkinr  conditions.  rurrent  en*inetrine  effort 
it  accordingly  aiaed  at  increesin*  life  and  relia¬ 
bility,  reducing  first  and  oners tint  costs,  and 
innrovma  ’stylin*'  and  operatic#  safety,  convenience, 
and  confort  f c f -  fcrvant,  1966:  ^oor*#  i966:  Kahle  and 
Ihjnjt,  ln66],  rather  than  at  alterint  vehicle- f round 
relat ionships , 


VMle  the  diiltn  processes  for  civilian  a nd 
nilitary  off-read  vehicles  deal  with  the  tiat  basic 
subject  native  and  necessarily  have  »*«y  bread 
9t*i laritles ,  there  are  else  Sw«rt»t  dlffervaces. 

These  relate  tc  the  tcr'««  of  the  rrcMr*.  t’-c  ulie 
lyitta  used  In  nahieg  design  trade-offs,  the  treat 
a wo be r  of  taagvaticl  considers* ions  (i.e.,  othe* 
tc^a  priaar?  Jvb  performance)  which  enter  nil itary 
design,  and  perhaps  vest  important,  the  cwobersoee 
erganixatioaai  procedure  by  which  niiltary  desire  Is 
cccottpi ished. 

Ik  the  design  for  effective  eff-road  operatise 
of  a  ailit tty  vehicle,  the  scope  ef  the  basic 
prcfelea  faced  is  vaiversally  fa?  broader  thaa  in  a 
aantol  civilian  erase rc  la  1  detigs.  The  job  to  be 
dose  and  the  terrain  with is  which  it  seat  be  toe 
necessarily  are  sere  general  tad  Wac*  sere  era- 
plex  to  deal  with  analytically  thaa  ia  the  wwai  civilian 
situation.  To  the  oreiaary  cnstrcitl  design 
ccojI derations  aest  be  added  a  amnber  of  fundaanetal 
coabat  coaside  rat  toss;  sad  while  come  ret  el  vehicles 
can  readily  be  conceived  which  are  totally 
asaitsble  for  highway  aae,  few  if  say  eilitery 
vehicles  cas  be  accepted  valets  they  have  re  at  an  able 
en-higiway  Mwers.  The  mil  design  sawt 
eoasider  set  only  the  physical  iitn<tiea  bet  ,  te 
a  degree,  the  strategic  problem  ef  tfce  ersy  and 
emrreat  acd  projected  tactical  operational  doctrine* 

Tfce  preblra  of  fladiag  ca  ay  tiara  vehicle  cm- 
figuration  for  the  resalt lag  osarridably  larger 
range  of  basic  job  and  terrain  credit  ire#  is 
proportionately  »n  eifficalt. 


r 


Th«  v •  J u*  tvs tea  usrd  in  cptiii:ia(  a  tilt- 

tary  design,  whether  forma  11 y  or,  as  in  the  past, 
or  "rrat'Of'tha-panta"  methods,  is  alto  wore  cowoivx. 
Dollar  cotta,  first  and  operating.  are  of  course 
Important,  but  with  theta  must  be  taken  military 
values  which  are  often  unknown,  even  unknowable. 

The  value  of  a  human  life,  either  in  military  or 
humanistic  terns,  escapes  quantification.  The 
dollar  equivalent  of  extra  speed,  extra  reliability, 
extra  reat«t»nce  to  immobilisation,  depends  in  the 
field  situation  upon  many  factors  which  are  ton* 
ttnually  changing.  So  far,  not  even  general  values 
are  available  for  guidance.  And  the  costs  of 
training,  of  fuel,  of  parts,  and  of  asap^er  all 
vary  widely  with  the  strategic  end  tactical 
situation.  Cost/ef fecti veness  stadias  are  that 
limited  on  both  sides  of  the  line.  Coat  it  still 
calculable  essentially  only  In  simple  commercial 
dollars,  while  af fecti vecsss ,  particularly  ia 
relation  to  the  consequences  of  greattr  or  leas 
nobility,  is  currently  almost  incalculable.  As  § 
result,  current  ro. t /effect i venera  studies,  where 
they  relate  to  nobility,  favor  dollar  rhaapuess 
short  all  else. 

The  cumber  of  tangential  considerations  which 
entor  into  the  design  of  a  uilitary  vehicle  is  great, 
particularly  la  cosperisoa  to  those  for  cmanercial 
vehicles.  On*  increasingly  impel  tan t  group  ef 
factors  la  traaspercabl lity ,  by  air,  rail,  sea,  and 
self*traasport  over  the  highway  system  (#/.  At  70S* 

I,  Dec  US';  MIL  A-14711,  S  Nay  1)M|.  This  group 
iupoaaa  llal tat lams  on  the  dimensions  sad  weight 
of  the  vehicle  which  are,  la  neat  laatancaa, 
entirely  toe  real.  Wore  ever,  poacetisw  conditions 
dictate  that  owr  military  vehicles  he  legally 
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ncceptabls  on  th#  road*  opt  only  of  SO  ttittt  but 
of  May  foreign  countries  at  wall. 

An  additional  set  of  critical  factor*  i* 
durability,  reliability,,  esiataiasbi lily,  and 
logistic  ecenony,  inportant'y  iacludieg  part* 
ratiosaliiatio*  flischoff,  !9bS).  Each  of  these 
properly  exacts  its  shire  of  design  arteatioe  a* 4 
coeprouist . 

AH  system  tad  coapooeats  are  designed  to 
bibliographic  nilitary  specifications  which  ir  •>s* 

•Triad  teenira^* ata,  eeiy  sea*  of  which 

**y  b«  gerr.fle  in  aay  gi~ra  design  (•/.  KC*-20«,  15S3) . 
On-vehicle  Mterial,  c JMuaicatioos  and  boson  engineering 
probities  (Kedgecocb  et  *1.,  1902}  and  specifications 
sust  be  set »  because  of  the  inescapable  inert i a 
of  the  vast  Army  parts  supply  systeo,  standard! 
parts  asd  coup ours ts  matt  be  used  te  the  greatest 
eatent  possible. 

Personnel  policy  --  the  jesters  1  larel  of 
iatelligeace  of  the  persona*!  who  will  be  made 
available  for  operating  tad  nsintaiaiag  eqnipneat 
end  th*  degree  »f  training  they  will  be  give*  •* 
oasst  be  considered. 


Materials  used  in  the  construct  its  of  the 
vehicles  amt  be  consistent  with  pelicies  for 
allocation  of  critical  aactriala  during  tines  of 
*n*rg*ney.  Producibility  is  irportaat  and  the 
feasibility  of  rapidly  increasing  production, 
should  an  it an  be cone  a  beat  sellar  during  an 
Matrgeney,  mat  be  considered.  Finally,  related 
te  durability,  reliabiliv,-*,  asd  parts  problem, 
th*  designs  are  generally  largely  influenced  by 
the  state  of  component  develop  seat,  which  functions 
it  an  inertia  tern  in  the  response  equation. 

Tha  relative  inpertsne*  e€  the  several 
confuting  design  objects,  primry  and  secondary. 
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tends  to  vary  somewhat  fro*  1 1 a*  to  time.  In  1 9 S 1 « 

**I!  difficulties  kith  the  workhorse  bib  "deuce  end  a 
half"  were  suaoarized  as  lack  of  mobility  (lack  of 
flot&tlon,  axle  drag  and  need  f**r  locking  differentials), 
poor  ride,  brakes  which  did  not  function  whe».  wet  or 
immersed  in  mud,  high  suspension  mortality  and  high 
repair  tiae  (Call,  1 9 S 1 ] .  As  a  result,  design  objectives 
for  new  tactical  trucks  were  listed  at  that  tiae  as 
the  achievement  of: 

1)  Ou  percent  gradeability 

2)  20  percent  side  slope  ability 

3)  fording  ability 

4)  3S  mph  Minimum  road  speed 

5)  300-aile  minimum  range 

6)  air-transportability 

7)  maximum  ground  clearance 

I)  low  silhouette 

9)  run-flat  tires 

10)  locking  differentials 
1*)  be  operable  on  72  octane  fuel 
12)  be  operable  at  -6S  to  *12S  degrees  F., 

all  In  vehicles  characterised  by  a  minimum  use  of 
ciitical  materials,  minimum  cost  in  volume  production, 
and  available  with  kit*  to  adapt  it  to  special  uses. 

In  19S3,  the  multifuel  objective  was  added  [Miller,  19S3). 

In  19S9,  Lynde  listed  objectives  in  tactical  truck 
design  as:  significantly  improved  mobility,  austere 
logistic  support,  improved  maintainability,  and  a  100-percent 
increase  in  durability  and  reliability  to  20,000  miles 
without  depot  overhaul  for  wheeled  vehicles  and  4030  miles 
for  tracked  vehicles.  Bischoff,  in  1962,  listed  the 
priorities  in  relation  to  tactical  military  trucks  as  follows: 
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1)  Fuactioiu'l  detign 

2)  Off-road  nobility 

3)  Durability  reliability 
*)  i-trit  coat  and  producibillty 
S)  Performance  ia  enriroaoeat 
*)  Maintainability 

9)  Air  transportability 
*)  FlostabiHty 
9)  Econo *y  of  operation 

Tha  1952  priorities  set  for  the  conversion  of  tb*  Gam  Coat 
to  the  XX5&1  vara:  performance  (especially  croc* -cooatry , 
wbila  fulfilling  its  "intended  purpose"),  durability  and 
reliability,  aaint-*inability ,  transportability,  ecooowy  of 
operation,  siaplicity  of  desigs,  alaicun  weight  consistent 
oitb  the  foregoing,  nod  suitability  for  both  loo  and  high 
prediction  (AIPD  *2*22,  19*2}. 

In  19*3,  Liston,  aosoebat  parochially,  sav  iapmaaaat* 
necessary  as  follows:  inprtrred  flatting  abilltv  and 
inp roe ad  ability  to  oagotiata  rieorbanlt,  inpreved  ability 
ta  ope rat a  in  areas  that  are  presently  obstacle*  to  off 'tend 
tracts,  an  lacrosse  is  oporational  off -rood  a poods  by  a 
factor  of  4,  and  iaprorod  weak -sell  performance,  neiataiaiag, 
tl»  while,  fall  air  transportability. 

Most  rocsatly,  ia  speaking  of  the  G CCS  fttgras, 
Marshfield  (IMS]  ordered  priorities  as  folio**:  transport¬ 
ability,  maintainability,  rogg odaesa,  durability  and 
reliability;  and  Moore,  ia  discoseiag  S*taa  trad  deeolop- 
*«t»,  listed  the  problems  as  “nisose,  ahatoo ,  neglect ,  md 
»d,"  and  pvt  the  priorities:  porfarsance,  reliability, 
Aarabllity,  niainom  naia  tenant a,  mm  of  atiatamsca, 
coof  iteration,  transportability,  and  kit  availability. 

Caarront  as iats inability  goals  for  tactical  tracks  knee  boen 
raised  to  a  to  porcont  capability  of  going  18,  WO  idles 
aritb  only  onit  support ,  20,000  silos  with  self  4imi 
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*y?p«rt ,  with  e  total  of  em y  beers  of  ea* cbedwled 
asiate&aaca  {ftoore,  1P6S). 

All  the  various  reqelreeentt ,  vlat her  basic  »j 
tangential,  tr«  interrelated  is  rariows  ways  end  degrees, 
figura  4  displays  «  vary  prclieimsry  chock  netria  shoeing 
trass  where  strong  interrelationships  uswally  will  be 
feeed  to  oxist  (Sit**,  IPOS).  It  is  clear  fros  this 
diagram  that  over spec  if icatiea  tan  aeickly  frees#  a 
des ig»  to  U#  poles  «k«r«  tk  vtkitl*  ct|Um  is  loft 
bo  choices,  or  wren  to  the  point  where  all  beefe 
ro^tirewats  eaaaet  is  fact  be  ml  Sste*  has  also 
«|t»it*4  the  usefulness  of  as  additional  utrit  (fig.  S) 
giving  general  priorities  to  k«  followed  is  sating  tko 
tradeoffs  Asrisg  the  design  process.  (His  display, 

•s  will  bo  soon,  greatly  favors  nobility,  bet  he  does 
sot  present  the  basis  for  its  construction.)  Xvea  with 
Sock  guidance,  however,  it  is  apparent  that  a aide?  sock 
a  welter  of  considerations  of  varying  inpcrtaace,  prose* tod 
usually  in  varying  degrees  of  quantification  end  detail, 
the  bssic  bet  anorpbows  considerations  which  relate 
to  tbe  job  to  be  done,  tbs  very  redaee  d'etre  for  the 
entire  machine,  nay  get  lost  in  the  sksffle. 

The  final  and  probably  seat  important  difference 
between  the  nilitary  and  the  ewnttisl  design  approach 
ia  the  ieagtky,  coop  lea,  end  cadbersaso  proendnro  by 
which  a  nilitary  vehicle  proceeds  free  rtytlrwnatt  to 
istne,  which  tends  to  canpound  diff lenities  at  least 
as  such  as  it  is  Intended  to  re  dec  e  thee.  This  facet  ef 
the  problem  i?  outlined  is  the  section  following.  Suffice 
it  In  forecast  at  this  feint  that  the  asasber  of  people 
involved,  the  nwker  of  voices  which  mat  be  heard  and 
satisfied,  the  internecine  politics  involved,  are  east. 
Coaaittee  open  eamittoo  safcas  its  cr»»ilUti*a,  chile 
there  is  ae  one  truly  recpensiblo  for  the  evornll  result 
at  nay  tine.  Che  pivotal  upshot  is  a  tins  delay  bttma 
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initiation  of  a  r$<p*ast  for  aquipaafrt  »id 

its  fint)  production  vMch  has  raachad  as  #ucft  as 
tan  y*  t  r  $ ,  Partly  «s  a  result  of  twe  lonj  ti*e 
<iol#7f  r*Tti7  a*  *  result  of  the  approach, 

priorities  and  goal*  change  during  the  courct  of 
dee* lopi»*nt .  The  probl*«  has  b**n  likenad  at  the 
technical  level  to  one  of  firing  upon  a  •orlnj  target 
(Ravey*  1964}^ 

iayond  all  of  these  problems,  which  relate  to 
the  conception  arid  delivery  of  a  single  design  of 
vehicle,  is  the  siaple,  loaf  recognised  fact  that 
one  vehicle  does  not  aake  aa  *rm y  (Marteli,  1531). 

The  Mobility  of  an  ar*y  depends  upon  a  complete 
spate*  of  vehicles.  The  addition  of  on#  superMobile 
Machine  to  aa  existing  system  of  essentially  road- 
bound  reticles  can  have  but  1  it t la  inpact  upon 
the  total  situation.  Recognition  of  this  factor 
add*  further  inertia  to  the  design  process,  nakinj 
At  ever  oasier  to  favor  nobility  solution*  which 
do  not  altar  tha  atat»a  ^ca  in  preference  to  the 
■ora  radical  solution*  which  alone  can  product 
mrked  i*provenents.  (la  fact,  the  ordtr  of  gaia 
ia  mobility  desired  at  this  ti«*  can  probably  onlp 
be  achieved  by  storting  fresh  to  develop  as 
entirely  new  eyete*,  unfettered  by  tha  lack  of 
Mobility  of  any  or  all  currant  machines.) 
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T?»#  5*# i c  military  g»Melo  PeTologosat  kgwto 


*TW  *o~t pull  frrfPrm  .  .  .  k a* 

>n«w  wok  mn  ««ap U«  is  tW  yea* 

M«  |«n  or  It.' 

•  Karrtt **,  lift. 

la  or  do r  to  and* rs  ta»4  ««a  of  tit*  proklsaa 
vklck  carroatlf  cosfootarf  tho  (nsMta  of  aow,  aoro 
offoctivo  military  roMcles,  It  l*  oaofal  to  traco 
tk*  root*  if  vklck  a  ro^oiroaoa?  la  4or*lcp*4 
{JUli*r,  1W4J  aa4  porkap*  altlaatol y  ivi tilled , 
Mf  to  aoot  tk*  iacroiikl*  aoakor  of  poopio  ok* 
will  karo  tkoir  flagor*  is  tk*  pio  koforo  It  ia 


Ow  of  tho  acjor  foatvrcs  of  tk*  Ar»y  roorgaa* 
italic*  of  1  f*2-A3  vu  tko  cmcolilctiu.  of  kaale 
syatoaa  a&4  eqaipaoat  ioroloycoat  taU  proeoroaoat 
largol/  «4tr  tk*  Any  tutorial  Ctnai  (ANC),  u4 
tko  cost  rail sat ioa  of  tk*  coofctt  fevolepsarats 
fvRctioar  of  all  an»  oa4»r  a  alaglo  C«*Aat  Do  to  ley 
■ost  Casual  (CCC)  (Karroll,  !)U).  Tk*  cooplota 
systc*  ia  a* si  gaud  to  4*al  with  asytklsg  fro*  a 
papor  clip,  Mark  1II;  to  a  vorUvU*  eati-astisissil* 
syataa.  kriofly.  ia  rolatio*  to  rakiclca, 
it  work*  appraxlsatdy  as  foil***. 

M*e4  ia*  a  wv  rekiclo  aay  k  s*ga*s$*4  k7  coy 
of  tout  roots  score**,  iscloAisg  fi*14  forest.  MS 
grwps,  tk*  soTcral  traiaing  r niroaf r ,  or  vayioso 
ocko  loots  of  CCC  itaalf.  Pack  sock  saggortioo  ia 
forward**  to  COS,  shick  roriosr*  it  ia  rolatio*  to 
tk*  Araty's  loaf-rug*  y  lasts  mi  frtart  ro^oisv- 
nosts.  COC  rsriow  i*cl*4*a  oralastlo*  fcy  its 
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appropriate  servlca  groMps  snd  field  cpvratlms 
({•ndti  (such  as  tht  Servtce  Support  Crewp  and 
tha  Transportation  Agvncr)  and  Infernal  coor-J ina t 1«*» 
at  tach  l»r»l  with  lnteraated  imtu  schools  aad 
boards.  A  primary  object  Is  to  establish  whether 
or  not  there  la  a  bona  (Ida  ntad. 

If  thla  la  agreed  to,  tha  proposal  la  soar 
back  to  COC  through  channels,  and  thara  la  assa  by 
CDC  Into  a  request  to  the  Office,  Chief  of  Keisarth 
aad  Development  (OCRD)  to  establish  a  Qualitative 
Material  Development  Requirement  (QKR)  for  tha 
itea.  Tha  proposed  QMR  will  generally  Include  the 
following: 

1)  statement  of  requirements 

2)  operational,  organizational,  aad  loglatlc 

concepts 

3)  justification,  feasibility,  aad  priority 

4)  characteristics 

a.  performance 

b.  physical 

c.  aaintenance 

d.  hunan  engineering 

a  priority  of  characteristics 

5)  personnel  and  training  coos Ida  rat Iona 

6)  aaaoclate  coni lder at lent 

a.  training  davicea 

b.  special  tool* 

c«  klta  (to  bo  da ve loped  concurrently) 

7)  coat  targat 

la  ordar  to  give  AMC  time  to  think  about  the 
problen,  to  bogla  detorniaatioa  of  lta  techaical 
feealbility,  aad  to  chock  on  coat  aad  perfornaaco 
tar gat a,  the  proposed  QNA  nay  ba  coordinated  with 
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and  it*  automotive  stevcy,  t he  Anry 

Tank*  AwtMOt  i  »c  (“eater  prior  te  it*  ftmaNisg  te 
OCID.  Cc>erd lust  ioa  with  crersess  c9flM*4a,  t ^ 
Continental  Army  Co«»eo4  (C0*A1C),  and  ether  ferric** 
and  vfc**  necessary .  «)lUd  «r*Ui«  nay  else  be 
undertaken  «t  iMs  point. 

Open  receipt  of  the  reenest  from  C EC,  DC20 
examines  it  for,  *»$»*  ether  this**,  technical 
feasibility,  «y  pass  ay  reject  it,  r*<*»end 
further  study,  or  suggest  that  it  bo  femrded  ie 

the  Assistant  Chj#f  of  Staff  far  Fere*  Poeelopmeat 
(ACSFO*)  for  loBftr-rtact  consideration  as  a 

Oualitetive  Mat«ri?l  neveloruieat  Objective  (Ci^^DO) . 

If  accepted  by  OCK0  as  seeded  end  presently  feasible. 

It  beco*  ;  a  W*  (or  nerhsos  as  Snt  ••  Ssiii  Dev* toe- 
seat  fteeuireveitt ,  vhich  is  essentially  a  junior  CM). 
Should  its  development  require  substantial  one  sorter, 
be w«rt  it  is  referred  hr  f>C*3  to  the  Material  leeuire* 
seats  fevietf  Committee  before  it  finally  become*  a  C**. 
This  cocsittee  is  a  peraanem t  Chit*  of  Staff  function 
composed  of  deputies  to  ACS/OH,  Deputy  Chief  of  Staff 
for  logistic*  (DCSLOC) ,  and  OC*JD,  uitfe  CPC,  A*C.  sad 
&*r«ty  Chief  of  Staff  for  Feraonael  (DCSVOS)  repre¬ 
sentatives  a*  regular  no* -voting  participants.  la 
pra<;ic#,  about  SO  percent  of  the  items  passed  by  OC££ 
do  Mi  reevire  this  reeieu  because  the  aemey  required 
zzm  br  haadled  under  exist!**,  femded  programs. 

If  approved  throuth  this  pmiat,  the  proposed 
requirement  becomes  a  boss  fide  CM*  and  is  sate  red 
into  the  Ccmbst  Developments  Objective  Caide  (CDOC) 
aloae  uith  many,  many  others,  it  mar  near  he 
fended,  vfcea  and  if  its  priority  rating  if  emf- 
ficient  in  relation  to  total  available  funds. 
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Up  te  th!»  point  the  proposed  sew  requirement 
Us  b*«a  eraiaiOd  on  numerous  lerali: 

1)  at  th#  trlgi.natlrg  a|er,c7  ar  iad It! dua  1 f $ 
l* Yf  i 

2)  *t  Ccehat  Dev# 1 opeeeti  Command  Staff  J#**i 

3}  at  CX  Croup  level 

<)  ia  the  various  OC  Cr©*/  ejemcies 

S)  In  tha  A nry  Materiel  Comma**  fat  raric'jt 
ltTtll) 

6}  is  the  Maid  Amitt 

7)  i»  some  other  services,  *»d 

8}  in  come  casai#  in  foreign  ailitarp 
$arr  lead 

I*  fact,  at  many  it  these  leral*  there  are  te© 
opportunities  for  aviluatiom:  cm  the  wap  deera 
through  the  chain  and  agels  ©a  the  way  t*p  after 
comments  fro*  lover  acbMoms*  Is  addition,  thart 
ara  inputs  fro*  the  naci'fisry  crois*cocrdimit icm 
between  groups  at  the  taaa  level. 

Evaluations  «t  040k  lewil  consider  the 
following  poiati,  in  various  degrees: 

1)  !a  th ara  a  reel  need? 

2}  It  there  s  Ilka  ita*  already  1a  the 
iratem? 

3}  Are  commercial  i  test*  available  which  will 
do  tUa  job  sot  tt  wall  hut  is  an  cccaptiMa 

tatMr! 

4)  Z*  the  ic?m  technically  feasible? 

3)  It  the  tact  let  l  or  strategic  concept  vMch 
envision*  uao  of  the  item  sound  u« 
definitely  is  immediate,  Interim,  01  leaf- 
rtap  pleas? 

t)  XI ut  are  the  hum&a  ©mgimeefimf  aspects? 
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T)  Att  is  tha  tie®  ecitdvl#  rtf  davtiapoaat? 

I)  Is  tilt  cast  preMiltlre  or  accept  ti  lot 

fj  Ast  features  of  tit  repvireiteot  tu  it 
Uu(ti  tt  reduce  tat  cost? 

It)  Hat  till  fuad leg  it  luted ltd? 

Tit  approved  CMS  is  re  t« reed  if  QC2&  tt  CSC, 
via  forwards  it  tt  AMC  for  fistl  sctloa  if  It? 
ttckfticsi  CMaittot,  Tils  set  it*  tnuUlt  tf  final 
caardistiiaa  with  tit  ttitr  sorriest,  attsilUiasat 
tf  s  iscio  ®f  Urn,  deterslastia*  tf  tsciaieti 
fseslillitf,  asts&Hs&swat  of  fvitdUg,  *£d  sstig»* 
aaat  of  tit  task  tt  a  darelapaso t  cottar  (pt risk if 
ATAC). 

Tit  rsspsoeiila  agtacr  till  del (state  dttipi, 
prototfps,  ud  predoctioo  ssgiteariag  prsilata 
(evolved.  If  tit  itet  is  a  at  jar  tat,  tit  tart 
will  usual If  i«  data  tiraogi  c attract.  Uader 
carraet  prectice,  tit  first  stay  is  ta  ait* l*, 
vador  a  stoker  *f  saallar  coatracts  fraa  caci  ef 
savers 1  prospective  developers  salt clad  tiretgi 
competitive  kidding,  a  Frsgraa  Definition  P%asa 
Flat.  la  tkasa  stadias,  eaek  selected  eetpasrf 
spoil*  e«t  la  datail  tit  ezteat  tt  dick  Imlof* 
saat  oijtctim,  p*rf3rs»ac  coots,  tod  icMslet 
caa  it  at,  Titse  stadias  are  lataUM  tt  assort 
tint  tejar  davelepaett  projects  will  it  todarttkaa 
aal y  vita  tit  sciaatiflc  p red last  isrrt  kte®  salved 
sad  ota if  tit  eaglaetrixg  rests iss  tt  it  dote. 


Of  e  aorta ,  it  tit  cast  tf  t  at  far  tew  dtreiap~ 
teat  project  tiara  is  a  1  wars  tie  tttd  far  approval 
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fro*  tha  Offlct  of  th«  Sacretsrp  of  Dnfnnsa  (C5.h) 
to  undertska  such  a  devnlopoaat,  aad  aubaoqv»««tt If 
both  the  Office  c(  the  Aaaiataat  Secretary  of  the 
A*wp  for  >«»aarc.h  and  Developaeat  (ASA(H3J  a ad  ^ 

CS3  will  tp^rora  t.*»e  Arwp’s  Prograa  Definition 
Phasa  flan  and  award  of  contracts  for  tha  aasulag 
pragrra  definition  atudloa.  It  addition,  OSD  auat 
approro  tha  selection  of  tho  flaal  prlao  contractor. 

Tha  cycle  to  tka  award  of  a  dnwniapaaat  coa» 
tract  nap ,  in  tha  caaa  of  a  aa)or  itta  lack  aa  a 
nav  mala  battla  tank,  taka  II  aoatke  or  aarn.  (Tha 
porlod  of  gestation  of  aa  elephant  la  approiltatolf 
024  daft,  but  It  involves  fawar  personalities.) 

Vi th  tha  award  of  a  contract,  action  dewelop- 
noat  baglnt.  Proa  tbia  point  forward,  rtspensi- 
bilitp  for  tbo  development,  taating,  and  procure- 
aoat  of  tho  vehicle  afataa  raat*  with  AHC. 

"Prellninarp  daaigna  aro  developed  aad  test 
riga  aro  fabrlcatad.  Tho  taat  rlga  aro  tastod  hf 
tha  contractor  and  bp  tha  CoTomnoat  during  aa 
Eaginaarlng  Doaign  Taat  phaaa.  daaigna  corractad, 
accordiaglp,  and  tha  developaeat  pilot  nodola 
fabricated  aad  dalivarod  for  tho  Eagiaoorlnf  aad 
Service  Taata.  Froa  award  of  contract  to  doilvorp 
of  pilot";  nap  taka  two  pears."  • 

Eagioeoriag  aad  Sarrico  Taste  era  coaductad  far 
a  pariod  of  approxlaatelp  oaa  poor  bp  tha  AX  Taat  aad 
Eralnatloa  Coamaad  (TTCOK)  at  Abordaaa  Prawlag  Croamd 
(Slssoa,  IMS].  -If  all  goat  wall,  aad  it  wsuallp 
deaf  mat,  tha  vahicla  will  ba  Tppa  Claaalflad 

A 

*0aa«atlaaa  from  Xarriaao,  lfd). 


*8td  A,'  I*  U  toea  re ady  ter  tbe  pr^KtSia 
ptoMi."  Frosveetljr  tbe  prototypes  ere  aadc 
available  fer  Halted  f leld  leutiag  by  **#r  grevps 
before  e  docisioa  it  ttUt,  wMeh  Kteslly  leads  te 
itet  farther  chaage. 

Threw  ghost  the  development  phase,  «  9 umber  of 
la-Precsa*  beviows  ere  bold.  These  are  attested  op 
representatives  of  the  interested  Deperteew*  ef  the 
Arty  Stsff  officer,  of  the  tats rested  Any  Kcttrltl 
CnmiA  office!  swb-conaaads,  u4  test  egeweies,  of 
the  Combat  Developments  Comazd  aad  ef  the  verloee 
iate  reared  dlrocteretet  a  ad  ei.'flcea  within  the 
Any  TwU*  A*  tome  tire  Coster,  At  tick  rev  tee, 
4tyea4U|  «a  tbu  Aanltpawt  ’('bate,  tbe  design, 
Mck*iy,  prototype,  asd  tost  ireselts  are  erslwutod, 
fltcwnd,  aad  approved  or  diiappreeed.  fad 
representative  considers  whether  or  set  the 
la to rears  ef  bit  agency  ere  satisfied  sad,  where 
set,  compromise,  coordination,  aad  correct  lee  sett 
be  accomplished.  These  reviurws  as  nelly  do  disclose 
gept  aed  deficiencies  ef  o» o  tort  or  anether,  aad 
fro^ooatly  retail  in  pregrec  delays  before  tbe 
prebleas  ere  resolved, 

Tbe  first  of  tie  product loa  phase#  is  tbe 
Advanced  Prodectiea  Eagiaoerisg  phase,  following 
preliainsry  programing,  ro^lcvt ,  approvals,  aed 
negotiations,  a  ceetract  is  awarded  (semally  to 
tbe  devoloyseat  contractor),  Verb  is  Shis  phase 
inti ados  preparation  of  prediction  drawings  *sd 
specifications  te  adlitary  standards;  corrective  of 
reeelaiag  Aoficioacias ;  product  Itpmwstt;  raise 


eegtrear  iog;  fibrication  of  pre -g  roduct  too  pilot 
vehitlss;  engineering  for  inspection  gagsa  r.*d 
procedure^  pnckagi^g,  P**  1  let  t  lea*  ,  ea«  repair 
parti  documentation,  aatnteaaace  engineering;  ejftd 
delivery  of  $  technical  ds^a  package  suitable  for 
ccepetithe  procurement  of  the  pr>du ctica  vehicles* 

Vro-prod.ictioa  pilots  are  subjected  to 
addition*!  ♦•9ts  9l  Aberdeen  ?roviig  Crowed  for 
verification;  of  the  production  design*  Correctiosa, 
if  necessary,  are  included  ia  the  production  draw¬ 
ings* 

•*Th«  final  phasos  to  first  production  include 
programming,  issuance  cf  laritatioc*  for  lids  (now, 
usually  on  a  two-st*p,  S-nosth  bssit),  selection  of 
low  responsive,  responsible  eidder,  award  of  pro¬ 
duction  contract,  production  lead  ti»*  atvd,  at  last, 
delivery  of  the  firit  production  reticle*  Concur¬ 
rently  with  these  actions,  a  Production  Engineering 
Contract  (PEC)  is  swarded,  often  not  to  the  pro¬ 
duction  vehicle  contractor,  to  provide  for  continue 
cc ion  of  essential  engineering  support  after  cow- 
pleticn  cf  the  Advanced  Prodactio*  Engineering «w 

Tit#  first  buy  is  often  aodest*  Succeeding 
buy*  depend  upon  the  field  acceptance  of  and  demand 
for  the  final  productive  iten,  laasMch  as  the 
development  of  field  denand  is  largely  the  result  of 
exposure  and  experience,  the  •'spread**  of  a  new  re-* 
hide  thic^ghout  the  Arry  ia  often  highly  dependant 
upon  placing  a  sufficient  nus&er  of  the  new  Rachioes 
la  the  hand*  of  units  which  ca»  properly  exploit 
theae*  The  vehicle  pioducero  attempt  to  aid  accept- 
Aacc  cf  their  particular  product  throwgh  advertise- 


wvti  la  firlm  JUray-ar laatod  jowmli,  slaty 9 
vltk  tho  himI  NfdliM  Avtnoa  touch  (•/.  Arm p, 

Arrnsr,  CfdmMM,  uy  Iiim), 

"Mara  oftca  thaa  aot,  tho  tiaa  fraa  nMUllfc* 
aaat  af  a  raqalraaaat  to  lssuaaca  of  Mlclti  to 
tU  traapo  la  a  Is  or  aorta  roars,  or  traa  mors, 
ill!  la  too  loag.  Obviously,  4oclalca  aotlag  daisy* 
m  tlf  part  of  tbs  Corarnaeat  caa  occur  at  aa my 
palataj  delays  can  ba  oxporioacod  by  tha  coatractor 
far  aaaf  roaaoaa;  and,  oaco  tha  vohlclsa  ara  oa 
taat,  a ay  fallura  caa  load  ta  dowa  tiaa,  radasiga, 
rotost,  ud  otroa  a  coup lots  rooricatatloa  of  tha 
program*  To  otrorcomo  loao  of  tbsss  delays,  tha 
phases  outlined  abort  art  oftoa  telescoped,  but 
aock  coacarroacy  may  crtoto  additional  difficulty 
la  ackloromoat  of  all  tochaical  objectives.  *a»p 
is  logo  rooalt  frsm  a  look  sf  altar  aaderatamdfap 
sf  mkmt  is  spssifismllf  repaired  kg  or  sf  amok 
a potty  partiaipatiap  it  tke  prepreu,  iualadiap  tka 
aamtraaaar.*  (Italics  ad4o4.) 

la  tka  coataxt  sf  tka  pro at at  study,  this 
axtaa4a4  load  tiaa  has  atraral  impartaat  rami  fl¬ 
ea  tioma.  Tka  f net  tkat  tha  tiaa  from  caacaptioa  ta 
product laa  af  a  table la  la  af  tka  ardor  of  ala 
yoars  or  aero,  taka a  with  tka  aoraai  twa-ta*tkroa* 
yoar  rotatloa  of  offlcor  poraoaaol,  atoms  tkat  tka 
fall  datalapaaat  eye la  caa  ka  axpactod  ta  spaa  turn 
st  atom  thru#  eh  sagas  la  military  psraoaaal  at  sack 
lstal  iataltod,  from  tka  Ceaeral  Staff,  through  tka 
datalapaaat  agaacy  tad  tka  requesting  a  gamer,  *• 
tka  war  beards.  It  Is  atom  paaslbla  tkat  it  mill 
brides  a  ekoago  la  aatioasl  admlalstratioa,  with 


ISO 


perhaps  change*  both  In  policy  fcr  the  A rvy  cad  la  our 

I n* c rna t ion*  !  itance.  *M'e  It  It  one  of  the  important 
function*  of  the  jenior  civil  »erv*nt»  In  responsible 
technical  position*  to  nvr  continuity  10  the  cctsiled 
progria*  through  that*  periods  of  flux,  they  ara 
not  always  abla  to  do  so. 

The  result  is  that  tlaa  and  definition  ara 
lost  in  the  developaent  cycle  through  repeated 
variations  in  eaphesis  and  even  direction  during 
its  course.  In  large  part  this  stens  fro*  poor 
couunicat ions ,  lack  of  tastabla  specifications, 
and  consequent  lack  of  clear  line*  of  responsi¬ 
bility  for  the  success  or  failure  of  the  finished 
product  in  aeeting  the  actual  field  needs. 

In  th*  absence  of  quantitative  expressions  of 
required  off-read  performance,  each  person  reeding 
a  QMR,  for  oxanplo,  is  largely  at  liberty  to  placo 
hit  own  interpretation  on  such  nabulous  (but 
normally  usad)  tarns  as  "jlainun,’*  "maximum, " 
"optimum,"  etc.,  in  relation  to  mobility  character¬ 
istics,  especially  whan  the  same  document  specifies 
quantitatively  and  with  grrat  care  other  required 
or  desired  features  which  ara  often  of  lass  actual 
importance  to  the  vehicle's  complete  function. 

While  this  lack  can  usually  be  temporarily  plastered 
over  by  a  meeting  of  minds  between  personnel 
Involved  all  up  and  down  the  long  line,  the  cracks 

a*  *  . 

open  again  wnanaver  the  faces  change  - -  as  they 
must  over  so  long  a  period. 

The  problem  it  compounded  when  each  person  is 
in  practice  free  to  assign  hit  own  values  to  thm 
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roiati r»  ixpvrtnacc  of  tin  cuyituf  ei*  rector* 
Sitlo,  bos»4  *)aost  ioltly  ejwt  kls  poroosal  keck* 
•  ryo  r i •  (portisoet  ee  ireUrut)  as4 
okjoct iritr,  Af*i#r  f«o*to*f«o  confroetetle*  ctt 
ootekliofc  •  working  cotMuw,  k*t  **e®  ooro  it  ca 
only  k«  tr*por»rjr« 
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The  in  Ac  \ 1 

The  tcisia i s x  rat  t rt  procedure*  by  which 
rtquirewnts  ara  developed,  fonaaliied,  sad  acted 
upon  ii  svrppleaetit&d  cm  the  technics!  side  by 
testinuiag  studies  to  explore  the  feasibility  of 
new  vehicle  confi  gurst  ions  and  the  potsatial  use¬ 
fulness  of  ntn  components  Bade  possible  by  the 
rspid  advance  of  technology.  Concept  and  design 
stadia*,  field  and  laboratory  ttsts  of  commercial 
machine*  of  interest  and  tint  e&ast  recti  cm  of  mock* 
wps  goes  on  coiit i&uous  ly . 
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Curing  the  period  195S-1962,  1 7S  projects  of 
this  nstur*  ware  ctmducted  by  ATA£  in  relation  to 
logistic  vehicles.  la  addition,  during  the  *t ac 
flmn7t«r  period,  is  "idea**  vehicles  were  built 
(lischoff,  1962  1  ,  (7 he  tats  "Idas"  is  used  to 

distinguish  these  machines  fro®  these  for  which 
prior  requirements  had  beea  established,  rsthar 
than  to  iepiy  that  they  wore  uniferaly  imaginative 
in  concept,}  At  the  same  time,  commonest  develcp- 
Mat  goes  cm  continuously  on  all  u)or  and  minor 
systems  - 

Comfxmaat  development  is  geMrally  guided  by 
projection*  of  component  requirements  growing  out 
of  other  studies •  Wham,  as  has  often  been  the 
case  with  respect  to  nobility,  the  earlier  rtodies 
are  unimaginative,  the  component  work  becomes  a 
drag  upon  rapid  response  to  nee  Ideas  and  new 
situations.  The  results  of  these  studies,  tests, 
and  developments  are  and#  available  to  those  who 
formulate  and/or  forma  lit#  requirements,  and  sometimes 
become  the  basis  for  new  requirements. 
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I*  newt  '/far* P  us4or  srossaro  f ron  higfear 
#tk«lou,  tboro  has  fceea  iBcroaslsf  attaatlen  to 
Parana  trie  design  studios,  1st** 4*4  to  eptioia* 
tho  final  sechaaicai  con  f i  pir*£i m»  of  orw 
vehicles.  Tho  tom  "parewtrle  <L»»  Ipi”  is  wwt 
eftoa  umi«u<  with  aircraft  4*rolepao*ts  {*/. 

Hoj s ,  19*4}.  la  t>va  aircraft  fi«14  It  rofor* 
sololy  to  the  optimization  of  necliaaiesl  48*1  pi 
to  accomplish  statod,  cloarly  ftfiatf  alsiiM*, 
la  accordance  with  a  stated  vale*  mtM.  Oowolop- 
wtl  of  tho  sissies  profile  »4  th*  «1»  system 
is  tho  function  of  a  prior  oporations  analysis, 
hy  this  definition,  t»ch  current  Amy  esage  of 
tho  tom  parttHtrlc  design,  as  la  tho  Kata  Battlo 
Taai-197©  (KS?»70)  "rubber  t«4"  stodlos  {*/. 
Shiovlts,  i960)*  actually  refers  to  operations 
analysis.  Although  both  repair*  the  owe  basic 
information  (albeit  ia  different  detail) 
a*  far  as  terrain  and  terrain-vehicle  relaticnsbipe 
aro  concerned,  tho  f met loas  cm  a»4  akenl«  bo 
Mpcrittf.  Whether  itpiriuf  or  t»t«  howowor, 
tho  auccasa  of  tho  basic  approach  eltiaetely 
depends  on  rail  A  atm  to  iacorponrto  both-  terrain 
and  terrain -vehicle  information  late  rnlyw*  of 
tho  total  operational  analysis. 

la  relation  to  tho  complete  carrest  design 
procedure ,  9 roars  which  led  to  tho  development  of 
tho  currant  proponed  family  of  bisk  aobillr,  » 
tactics,  tracks  {D*S4,  etc.)  aro  iilastrstir?  of 
tho  cteploto  ay a  tea  is  action  (Moore,  IMS; 
Morrison,  IMS].  Is  KcvarWber  19S4,  sow  military 
chsractori sties  for  tactical  tracts  worn  prop— a 4. 
Baring  If  57,  AT  AC  coobteuf  concept  aa4  14as 
s todies,  and  late  La  1911  tho  first  pmetrpea  or 
idoa  vehicles  wow  running. 
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TW  eip*ri«itc*  with  the  t?tt  b+4  nhidts  wsx 
u*4m  katnm  to  the  W5l»|  ttrric**  vbe,  /a  Oclobe r 
1*60,  produced  (  study  (>*7*TS,  1 9^0 1  statiaj  thit 
durisf  the  period  beflariaf  is  1945  tho  Anry  should 
be  equipped  with  truck?  which  i rer*  flc^ters*  ef 
lithrueijfct  construction,  fesYicg  swltifuol 
capability,  sad  u  i  e  c  re  *2 1  d  of  offroad 

^ability.  Followiag  tbit,  txistiaf  prototypes 

Modified  and  retasted,  tn&  la  OctoWr  1U19 
nrw  outcry  characteristics  for  live  tactical 
track  lit#  worn  apprwod* 

la  1943  sad  1944,  contracts  were  let  for 
erperiaeatsl  prototypes  (actually  “second  feaer- 
eti<m“  Torsions  ia  lipit  of  tho  aarlier  work)*  If 
March  1966,  contracts  vert  1st  for  final  pm* 
production  pilot  novels  of  one  of  tW»o  vehicles, 
the  S**cn  DI6S4+  That  contract  va  of  particular 
ioterest  for  it,  for  tW  first  tins,  Included  tks 
construct i  nt  of  "test  rig*"  (Sisson,  19*1}  in 
addition  to  p reproduction  pilots,  fer  as*  by  the 
contractor  tad  ATAC  in  contiaxsiac  derolopneotal 
toots  di irlaj  the  period  who*  ibo  pilot  models  worn 
Wins  omlnntnd  la  other  areas  of  tW  rye  tee. 
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frier  «e  the  l>43  rvergaslxatlaa  ekiife  cr*at#4 
*>C,  see#  s»rt  *f  rocerf  *U  set  fey  the  tareloyeoat 
eye  l*  for  tbe  Sill  l/(-tm  track  (the  c«mat  lata" 
yefttastly  saspestad  j* *■»  (rsnjuett*.  In»nt?( 

2940 ) )  c  vkiclt  took  sy^realestely  tea  jrtiw  free  t_fc* 
ialtiatise  ti  the  project  (a*s  ta*  feegiaaisg  ef  the 
staff  vorfc  t®  vstafelisfe  the  project)  *atil  the 
first  yretactlae  itiimry  (5ifel#y,  2944}.  Ceayi  t* 
tkii  grtat  elapse®  ti»,  i!»  irsvltisg  vehicle, 
•kick  has  in  tee a  ia  the  field  la  ^aaatlty  far 
eyyreximtely  four  rears,  is  aot  considered 
eatirely  satisfactory.  A  pregrta  ta  skttls  a 
reylacereat  at  os ca  a»»  austere,  wefel  le ,  fleetafeie 
alayler,  \ai  cfeeape?  Is  eedervay  (JUT  44-13-511, 
2944). 

Tfee  apyrexiset*  lias  scat®  aye*  which  develey- 
seat  sf  several  sere  recast  cart®  nkiclss  harts g 
i^reeed  aefeility  has  yreceeded,  as  recseatrwcted 
free  yefellsfeed  asterlai,  la  sketched  is  Table  Yl. 

T Laws  sheua  ceafirs  tbt  apyrexAaetely  sit  ye*3* 
ge  fey  feetweoa  tfee  establish  neat  ef  a  definite  task 
aed  first  y  re  tact  lea  <2e  liveries.  Ertafeliafeaeat  ef 
tits  tusk  nay  is  tare  fee  preceded  fey  several  years 
ef  stadias,  test  bee  derelsyceat,  etc*  Despite 
tfee  ayyarast  ergpscy  far  stay-#*?  trassyertatiae 
ia  large  parts  ef  Yiitssa  wfeidt  ptsmsf  tWt 
AJTA/laaklps/Ckrysler  Kara*  Terre  AayblfciaSp  its 
develcyesat  cycle,  irm  sta dy  three gfe  detlp, 
csutmtia  ef  teat  rigs ,  taf  sltlasts  njsctla 
(fey  a  ceaueUtee},  was  little  better.  Sttfjr  feeg** 
is  1949,  tit  first  teat  rig  ftyyotred  is  tewtar 
1941,  and  stateside  teats  is  reistia*  te  its 
designed  fteetin  were  soly  ceoleted  is  Celebes 
1944  ptewwyor,  294$}. 
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Z«t  «U  ^isc$Um  Utf  Nw  f*it* 

*9  ialirrclf.  fxyltitUg  *r>erl«««  wit*  *ri«r 
LTT  fanleywatt  tk  MTS .  *«cc*js f*l 
t?*cs«4  KSS  &re&r*4  Prrscaa* l  CsrTisr  yr»t»»^e4 
f ro»  r^iimnu  ts  first  £slir«ry  (1JS4)  1*  jvst 
M  mbUi,  u4  its  ttili  mt  txx««i(sl  isuttitr, 
tfe*  Rillt  is  s^raaiaataif  <8  sactlu  (19St)>  TJs* 
ZtFM&f  V*4i»&,  tk  ;t;«MM  im  isdk 

$i*c»  Sr9*i«a*4  similar  rskicle*  ia  *M*S  tk  mbs 
Ua  ,  tiuwfl  tk  IritUk  9.7.  4X2  A?C  t**t 
s*yr«s  lasts  i?  fisc  rt«r>  frcm  royslrsasetJ  ta  first 
fellrary  gQfsrtiavics,  1H4,  iHt|. 

Im  tkM  rttpsttskle  rttfwsa  tlast  nfisct 
mUws  pset'.ia  ca*4itl«*se  ksmr.  S«w  WI I 
ax?aria*<a  **r  cit*4  krlsflr  t*  l»4icst»  tits 
stkr  m4  oi  tk  seal*.  Jm t  yrisrr  ta  9.  f.  amtry 
lata  tk  w,  kit  f«il«U|  a  loaf  f*ri*4  «ks 
military  aattars  cara  far  trm  fimat  aaaag  9.  S. 
fTklw,  tk  rpm  trm  mtipt  trm  tk  Arm* 
ksH  sf  yrifwk  military  ckncttriitics  far  »kt 
mi  tc  kow  (k  ncciiifsl  #•*  Ncxiisn  Tsai  mtil 
yitkctin  sf  19  «aits  par  kr  m  21  aatk.  Of 
tills,  t«  flv»  Mitk  »*f*  »k«t  1*  staff  mi 
prlar  t«  Wfimia*  setaal  ktlp  mt.  !wuf  tk 
«a4  »f  eJ»  m,  tk  apm  trm  iaiti«ti«a  af  tk 
rttmt  far  «kt  koai  tk  H23,  7tmu  Qm  Hatar 
Carriage  —  is  It*  cay  »  raiical  c  rafciala  as  t*a 
19*4  was  kfm  it  ••  timfl  yraScettaa  af  19  far 
4ay  ca*  asly  13  aaatks  (AW,  2t4Sf«  trltisk 
asparlaac*  m  similar,  dils  it  ns  Marly  faar 
year*  £tm  tk  iscsftiw  af  tk  *tt»Kkiil*  task 
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t a  tsrr*  9«a><»r5  h«lsg  is  tie  & i-vc*  «f  tre*/*,  th* 
Prleca,"  it*  itt*«-i«4  «aec*s**r,  i*4  «.*  ths 
**?  **4*4  f mzvatted  (ram  tb*  first  <i*ca*»l«*s 
r*£»r4t*f  It*  y » l h 11 1 1 1  »*  tirotij* 
trial?  Is  ) ->* t  n*  y*i»  (Cl W .  1)<4{. 

Of  particular  istar**t  fro*  t Jus  rlra-ystst  of 
prvtaat  iataras?  la  lap?wr*s|  aoalllty,  1 i  tW  nil 
imvalvpmamt  biliary  «f  tb  *w**rsSls  bml 

(Clarcfclli,  1941].  Dw  astir*  yr*J*et  was  «*4*f 
(Utt  a®  a  “eras*"  Vuit  a  at  si  <4*  tU  atltlisf  («4 
®v)rt-ir4e*o4)  Or  *a  asca  C«ry«  cknitlt  hy  a  tayarata 
t|n(r<  tbs  Offica  af  ScUatlfic  tasaarch  ami 
Oct*  1  ; ,  abcra  "...  *  trail  cmcciral  pr*Jact 

ca«14  pcs*  tbra«|k  lb*  aatlra  raalra  pracaiwr*, 
baccss  tothoritag,  ««4  actually  j*5  atartatf  la  a 
wk"  {bash,  INS}.  9r»)act  raspmsifclllty  #•< 
sstberity  war*  bath  highly  eawtral l  1*4. 

Tb*  tut«4  r*^*lr*»at  which  1*4  t a  tba  tfataaJ 
«u  (Vriafly)  for  a  a sell,  Torsatilt,  air  t raoa * 
^orttblt  McJk  1  m  far  »**  primarily,  b«t  sat  solaly, 
ia  4#*?  saw  (Silraraxa,  194*} .  Tbs  basic  l*aa  was 
first  pat  bo  fare  tsdulcsi  yccyla  o*  l  Hsy  1*4?, 
n4  tlacif*  b|t*  «i  If  May.  The  first  a*4»l  (7-1 S) 
*»t  1st*  protection  ia  Xmtkir  19(2;  tb*  misl, 
cssRplatcly  r*4*slf*a4  m&i  04-29}  la  Aagset  *943; 
aowi  the  final  asphlbiwee  rersle*  0*-2>C)  ia  Iky 
1944  {GSM,  !?«}. 

TJa*  tralf  raaartabla  fas  tara  tf  this  eye  la  1* 
that  it  csvsratf  tb*  4cT*lo»mst  af  a  totally  aaw 
atachia*  for  ass  ia  aa  axtrarn  nU  hltfcsrt*  iaryaly 
neanlwtrti  scri rwasrat .  its  first  sscvwi  asathc 
*  panned  ertasairs  tailing  (and  rsjsctisa}  a{  all 
vehicles  the*  srsllabla  ksrl&g  my  sstw-gciag 
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f+um 1 1 » I ,  «*4  Ut«s«ir*  |>rKtlat  rtimci  om  tfc* 
caatretlUc  fttttm  fr*7i?ti#»  «(  ti*  tasrrsis. 
Thft  fiftti  yn*»ct  tt«4i  t •  tfeit  itr,  m?  trwty 
jrvtrs  Uur,  u  parksf*  fci*  *r;t  aetli*  all-nad 
**hi<i*  mr  Kc*ft«4  1st*  th#  rsslc  »f  st*»4*r4 
krrf  rvfcielss,  »«  «* I7  Is  tin,  b*t  Is  s  *14*  rttff 
*tfc*r  s*v*r*  • £ f - rt<4  cae4itie&9  f cw&4  sit  ever 
tk  ml£<  The* 4  »l&hs*gfc  arljUallr  c— c*ir»4  ft* 
ft  "*p*«iftl  parp«ft*  rvklcU/  it*  Mtt(is4U| 
aaSUlty  crc#t*4  far  it  s  4<*>fi*ita  sidw*  ty 
war's  «*4,  **#•  IHK’i  wn  pr*4ac*4  (7  la*  J7iS 
**rl i*r  a*4cl*)  MMt  It ,089  a* re  *#w  aa  •r4mr.  M 
tki*  »u  4**7 it*  ww ram*  atciiftiMl  4»f Iciatcit • 
mU  *  4«fiftlt*lf  Halted  fi«14  Hf*„  Tte  t«»*m, 
y*rt*9«,  it  tLat  vk(U  •wktllJT*  csaaat  U  i«U  «• 
P*f*r  **  ftt  l*aet  i«t  yst  •«  it  1*  sale— «4  is 
Ktstl  flei4  ca£iti«u,  «tm  ct  *tmi*  ofcitt  «rc 
eoasi4*r»4  ltd  *t  the  iuu  *ffic*. 

A *  s  fi&fti  txjnrpl*  ef  wh*t  is  pMiikl*  tm4mr 
iigk  pmirn  s*4  «tas,  stiitiiullT,  r«^sir*aM£t* 
in  act  imfir  sc  praetlc&fti*  tkr***fc  tte  «**  *£ 
pnm  cany  mi  tat*  ami  miltil*  t*efe**i*jr»  *  *  tfc* 
4st»  1  ftpKf  i  ,  alM  aadar  Qt*3  iaip**t ,  ef  tfce  Wtl 
Stnor,  M/Mm  tst  *a»*lH*M  track  (Sir*J*m».  1944, 
CSJtO,  1944| .  Tteft  c**c«*t,  h«**4  ape«  caawrsiao  *f 
ite  U*t  iU*iir4  ittf  ''4nc«’ia4'i‘iMl£,*  m$  first 

imdaf  «•  if  ifnt  1942;  tk  first  7 list  **>4*1 
was  wd*r  twt  *7  2  Jmte  1942;  th«  first  yrtfKttw 
aa4«is  wots  4* lire r*4  21  8*wrttf  1942;  «*4  they 
twr»  first  s**4  is  qscat i tj  in  the  Israel  at  *f 
Sicily,  9  Jalp  1942*  9y  0*cnb«r  1943,  2#  uatis 
frsa  Lftitlftl  catesotia,  prsdsetiaa  »*e  at  tfea  rat* 
cf  12##  par  s«tiL  M— diass  t#  *47,  Am  0*1*  wt 
*B7  tlaltii  esnimt  sMtiajs  is  tte  Itstria* 
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Tko  problem  ef  rtt^oaM  tie*  ts  *  scrims 
me,  wU  Lfi  its  tias  aspects  st  ell 

lorels  ef  tbe  Arseni,  sltkoegb  its  effects  vpea  tko 
silimate  suitability  sf  tbo  fiaisbod  product  4#  sot 
appear  to  be  s*  felly  appreciated.  A  l>41  Army 
tegelatias  (AilJ-iJ)  ked  *a  its  ebjectire  tb*  re¬ 
ject  i  a*  of  lead  time  fro*  project  laitiatloa  te 
first  pre-set  ion  roll-off  to  •  suim  of  fast 
years ,  soeaiagly  e  modest  caessgk  goal  la  rekiclo 
4*rtlo(«nt  U  t'va  light  of  3«m  of  Us  erperieace 
Jast  owtliaed.  Tst,  sqm  fit*  yesrs  lstor,  special 
•ri&alsatlcsssl  arrsagemats  (JRATA,  PtCTTOST)  Karo 
be«  aecessary  to  replace  tbo  •‘normal  S-18  year" 
l«»i  t.ae  wbe*  deal  lag  oitSi  roqalreaoats  generated 
U  Vlotasa  (Jetreo e,  8  April  1»*4}. 

Three  factors  distinguish  the  vert  in*  mmI 
hotter  psatstiae  efforts  from  tit  rest.  Tbo  most 
ebriewe  i*  a  se&sc  of  arjracy.  Sot  abdltie*elly, 
the  store  timely  development*  Un  been  ebarseter- 
ised  by  assignsnat  of  clear  responsibility  to 
identifiable,  accessible  Individuals  sanl  manageable 
gmyt,  and  tko  diverceacat  of  all  ta*ge*tial 
research  sad  develepoaat  from  tke  operational  lima 
by  whick  the  re^aireasrats  are  sat  la  pradactina 
lurkrsrs. 


i 


Wti Jo  neck  of  tks  pro seat  hydra-beaded  staff 
**rk  which  scree&s,  checks*  aad  re  checks  th«  work 
from  begianiaf  to  sad  hat  the  loadable  pmrposo  ef 
redociag  development  tin*  sad,  particaler ly#  dollar 
looses,  its  real  effect  la  relation  to  growed- 
ermwiiag  vehicles  appears  to  bo  ami  to  tko  opposite. 
Perhaps  proseat  circancstaneea  will  generate  tk* 
Most  of  wartiae  srgeacy  essential  t*  rearrange 
procod* res  along  tko  line*  which  haw*  provoa 
E*c*s.*ry  la  past  *1 tuitions  where  tkr  problem 
war*  real  sad  pressing. 
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Tlta  Omni  lagjtct  of  Mobility  >o«o*reb  *g»oit* 

tm  Pwip 

I*  a^sy  sreu,  «il  crwiiif  p2»  1 1  i  ty 

t«t  <«  Mf  be  r»eiUr*4  e*ly  eccaaioaallf ,  kat 
it  is  ne?«  fro^ooatly  •  mi j or  eiesoot  La  c&tsittai 
ia pedoac*  systoao.  SUceat  eatiosiass  far  abstacia 
ati  riit  stadias  u4  the  soMtUj  arid**®#  tint 
away  etkor  oloovat*  of  deslg*  «at«r  1st*  ti*  tff* 
rvad  perforaasro  of  a  oofcicla  («/.  Listaa  ®m9  Has*" 
a»ta9  iH* }  Kara  tended  to  dear* jra/e  tie  iiiportwco 
®f  safe  grata**  nobility.  legsrdloss  ef  tb»  fro* 
qaaaey  ai  eecsrreace  of  tka  pro62*»,  iamnr,  a 
goaf  laral  of  ***i,  sail  Mobility  rmiu  aw  of 
ska  iaportcat  'liaixiaj  kuarf»*  of 
operation  (Ladfortk,  1544  f  witb  whidi  •  truly 
aeeil*  m*cAi»*  tmat  b*  able  to  eopo  ,  a*4  ka*c«  • 
key  coo* id# ratio*  ia  its  iatlp.  Ufa  treold  k« 

Mack  siaplor  if  tfcis  wn  sot  tkt  oh. 

T®  I apreoe  soft- grooo.4  aobiUty,  tko  aeadaal 
■it  tm»4  jimnn  of  a  {im  atkicla  cat  figs** 
ratio*  watt  bo  rwdac ad.  This  is  sat  saw s»  boat  tk 
ralatleaskip  is  1ms  cap  ably  direct.  Figaro  •  *kw 
tk  performance  ef  a  slagla  tira  ia  ta*4  aad  ia 
day  as  fttctinu  of  appropriate  lsa^lct  emrics 
{Fseitag,  IMS),  It  is  crikit  tket  for  a  gif*o 
tire  (b*tir*  viitk,  4 •  tiro  diaaatar)  at  *  giro* 
<&*floctles  ratio  (A),  tW  tiro's  <r* sabar  perfora- 
sacs  1*  a  tiro*  soil  (Cl  or  Q  decrease*  alaaat 
liaearly  as  tk*  aeaisAl  uait  gmsd  pre*s*»  (*W) 
iaemsas,  ia  «itksr  soil  type.  Perforates  is  so 
am  waf  f*cto4  kn  *a  off-roo4  vokicla  gan  eoor* 
wi^t  tin  ekt  a  boot  or  aa  sirpiaso  is 
i*»4»4. 
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S«cesdly,  soft-grand  nobility  1*  improved  by 
takiag  winter*?  strpe  trt  fmticai  to  redeco  the 
pooh  soil  lesdis j»  wader  U«  vehicle.  Those 
i*cl»4e  erttcalstloa  of  tW  rwnsieg  gear  eltoret* 
a©  the?  each  alt  cu  boor  its  approx iutt  shore 
ef  the  lead  regardless  of  tk«  coovelwtieas  of  the 
sarfeca;  a  l«sg  «o*f igaTat i*E  to  rococo  load 
trsaafe'  effects  m  slopes;  ul  rstoctita  Is  stress 
iacnisests  4a  to  steerlsg;  os  volt  as  iaprovlag 
tfe#  pressure  distribeties  between  gear  (tiro,  trotk. 
what  hare  7 wo}  ui  sell  la  th*  contact  mi  >er  eo. 

To  iscrore  obstacle  crossing  ability,  tks 
eacblao  needs  a  Sag  effective  wheelbase,  for 
thnest,  stability  aad  bridging  vbca  necessary.  Th#  vehicle 
should  be  as.^ia latod  is  the  pitch  plane  so  that  it  say  is 
Ri.ict  hoist  itself  over  as  obstacle  bit  by  bit,  rather  then 
all  «t  e#co  (with  scow  part  always  is  a  position  to 
noiatals  foot  lag  for  control  and  traction  os  the 
others  are  screabliag  over)  asd  so  as  to  avoid 
having  e  “trapping*  dinrasloa.  It  the  ertieslatioa 
is  centrciiabio,  or  active,  farther  galas  are 
peosibla. 

Obstacle  ssoidesce  is  aided  by  agility,  the 
ability  of  the  drive r-necJsia®  syetsn  t*  ebaago 
direction  rapidly  and  radically,  and  by  keeping  the 
vehicle  s arrow,  its  sdais*o»  tsraing  radian  ssalX, 
sad  its  swept  width  during  s  tors  to  s  ei&issm. 

High  speeds  across  row^b  terralx  repairs  w  long 
wheelbase  sod  s  deep,  swft  sospeasis*  with  adequate 
daapiag  and  roll  stability,  and  are  aided  by  redaced 
nt;inas  weights  {«/,  Lehr,  1144;  S lesser,  IMS; 

Little,  IfcftdJ.  yrwided  they  are  ceeplod  with  still 
greater  soap-seisa  depth  for  obstacle  absorption, 
active  suspension  elensta  theoretically  can  provide 
still  farther  speed  iecraane*  (a/.  i!i£t  l$*3J. 
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XL  l  tkaa-o  fects  arc  »,«1J  &*«*•<>  >tem»  aro 

available  t«  suJus  saefol  (Vvt  aot  aecassarilf  tka 
feltlaaio)  tMgiaaariag  caleaiatim*  la  »»Utl«  to 
•  atJa,  W,  vitfel*  its  spkaro,  4«eigx  liiprovrwwt* * 
la  cay  *»*  aacba&ical  u^«(t  of  tXe  sort  ialicatttf 
brirg  eitJi  ikes  cmtba«<u  lsq>r©v*s*sta  ia  tbo 
appropriate  %ofci2ity  aspect.  TTuira  ar®  ae 
disccati&oitloa  la  tka  ckaago  Is  iasi(5>  r«r««e 
ekaag®  La  pqrftnssae*  carrot,  TWy  ar®  aawotk,, 
Msotcatic,  Ueroaalsg,  v&tk  s«  Important  ascaalioo, 
a*  roa&rfeakls  potato  vb®r®  big  dtaagor  ia  psrfsra* 
asica  com  fm  ssall  c&aagoa  ia  larols  of  basic 
pmaattn. 

Wbil*  thsn  arc  poiats  wkcr®  tkoa«  oo&Llity 
ro^uiroaaats  aro  th«a»*ir»«  ia  cosflict  sad  ro^oir® 
tatproaiis  •*  tfc«  largo  i«ir  ro^airoW  for  aoft* 
grousd  of^ratics  rorius  tk*  Ugkt  gaar  rostoiro^  for 
kl  gk  r*®gk  tsmta  *p**is ,  gad  t be  l«sftk  4a*  Irak  l* 
far  ***7  f* at aro a  a»4  tks  alto  ro^ai rr4  for  leas 
load! ago  nrsu  agility  for  okatacl®  aooldaaco,  for 
oxtaple  ««•  they  ar®,  Vjr  tad  largo,  romarkably 
cosrpatibl®,  T%a  ccvpresi*®*  4*>*»a4*4  ar*  foasibio, 
ataagoakia. 
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Ptsafftrn  Iee4ts^t  )4C«sh  *f  tk*  erssvWlalsg 
lapsrtwos  cf  soalasi  %rra»4  X#*£l»g  «tNa  »*/?- 
gx*wt<  ps*f  »?»**«* »  it  5*  Ustraetiv*  t*  ssaala* 

Ik*  fhmfitv*  l«.*4Lag  of  rtrless  typ**  ef  «rm{ 
rtklc 1«#»  Pla»f®r*  le«4!xf  n?/A),  ietlxai  «_a  U« 
0T»»*  «■>£  tit*  rofciei*  41rl£s4  fcy  t&e  preset 

•f  it*  rr*r#n  UtyU  w-i  Its  er«r«l!  wUtk, 
©•Tiwesly  r*?r»s«ttte  tJfc*  sis  lew*  TOO5  fesstki*  la 
A  fi**«  rakicis  If  its  tttal  pi *a£*r»  *n>«  tea  14 
k*  nUli«i  |ms4  (cttMt.  Him  > 
•mwittt*  t*rr»4  $>f  (S/aj  vesrat  CTt  f*r  asrivat 
prattle*  i*  SvTr*i*;  rskitl*  tyj^s,  Xac*fttS£  tW 
k««*rerais,  tfe*  <*ta  f res  wfcirfc  tii*  tmtsl  cartas 
•r*  4r*ra  #r*  raesa*£t>iy  v*21  fit  Vf  as  s^setlw 
$ks  fera* 

*/A  * £  (ms) 

Sssstsr  ise  «t  c»*y»» ,  jt»m,  falaars  *f  *Y®  at* 
ss  foilacst 


Military  tvaekak  rtiidts  oU  tasks  9.27 

i&mmi  c«*  f,  25 

Wi**k**i  4rir*  adLUtsry  tracks  *.E$ 

Articslat*4  tracked  rsk&elss 

(aeetiy  caacsrciai)  $.1S 

Caeeaerciftl  urtl  kaegltfs  9*12 

Aa&,  aisfittlag  tk*  aam  carve  ts  k*sr*eT*f«.  t« 
pwiit  *  iiwtt,  if  isattet,  c«perli«, 

Mnrtrtft  ga  i,8i 


Pro*  tk*s*  fifares  it  is  <rrilat  tktt,  fw 
*  giwm  grvee  rsfeici*  esigkt,  tte  ilffirau  i* 

*****  fast  ®f  tl«  «g«sti«*  (alia  tfcat 
tty  •  I' 

(vfcsr*  2  li  a  gtkunxrtirttlU  ltiMt  liaalw),  *f  ikd  tk* 
«f  tk«  ysSIiAo  e»«  loc4  1mn«*m  trltk  T4tUl« 

•ts*l  i.®»»  am  Mtvarlel  —  M«Ui»rr»  ilmtan, 

Wlw4  **•  is  *ui*t  1st*  tM  eiwlaf*  M  il«  voliili 
»i*«  W«»m(  gmtsi,  uua  *Hlt  Mia  if  Stay  **rs 

i>  (Matm&il;.  rat  urtMr  nr(  It  nu**u 
*kat  «i«  “vois  r»ti«  if  u«  ittgir  MtMra  toa4* 
t»  ts  lave?  tkan  wt  mUtr  nti . 

17* 


€VT»~KJ*» 


if.  ?.  Plaiflora  Wdiafs  e t  oil-tat-i  et-Wia* 


plaafore  lofrtltf  betvee*  a  relatively  ceemstiesal 
Idoiia^  vehicle,  tW  reasonably  fmtiu)  high 
Mobility  aacbiaee  la  of  the  #r4er  ef  waly  t». 
ht  iwtitr  vsy,  the  overall  4iacasioas  »f  tla 
litur  art  essestlslly  4 ®  p*rttac  larger  for  the 
um  CTV.  YY*  f igsrea  ala*  Iwumw  Out  «*e 
cerrsat  trebles  «itl  Imrenft  u  eff*re«4 
(or  m*  cS'tessJ)  vehicles  of  **y  reasesebla 
laaA  carry  is*  capacity  la  dearly  that  their 
11 sear  piaafera  4iaeasieas  aut  be  of  the  «r4er 
9 1  tv*  ts  three  tines  tlete  a  S  On  f«HU? 

they  eight  replace. 

C/f  coons,  os  gr«ja4-er*vlsrs,  the  eatlrs 
pi a* fora  ersa  casket  la  practice  be  otilix**  for 
aonAoal  greas4  coatact  oa  fin  serf  sees  (aa  «so4 
i»  cocPMatlag  TOC?).  Ia  fact.  It  feat  proves 
difficult  ia  practical  aachisas  so  tc  utilise 
Mr*  iKu  oae-half  of  this  arts,  a4  as  wwt  con* 
vastiosai  off -road  vehicles  it  ia  far  Isas, 
teagh  figsrtc  for  several  classes  ef  ezlstiaf 
vehicle  are  a>  folio**: 


Ttala  ts4  AK'e 
•Lear  CroaeA  Prtssare® 
tracked  vehicles 
tliittMra) 
ertlcslatW 
Off*  read  troche 
4a4 
4si 
tzi 

An*  red  cars 


aiiaal  coatact  area 
flsniern  ere* 

•.u-t.a 


».4«*«.iS 

MH.U 

u 

M«4.U 


--  <vn|nB^ 
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tracked  rsMclss  eji*i»*d  laclndad  the  tnall 
"Wllylese,"  articulated  Sit  }3typiaaki,  US*}, 
tW  50-tos  “Wllylet  i trtieultted  W5X-0I 
}ia»ttsll  ltd  Thsmso*,  1510),  i±4  the  succeisf ul  3ts>»i.»- 
KWs*e  1 1  euaWj  tractors  (SoMa  -Wwll  Kf*.  Co.,  IU.,  ’.3M), 
T^us,  t s#  u??«r  TBiuo*  lino,  pretty  veil  rt^nm: 
aaiiBua  precticel  »slw»  for  tracked  rohicles.  A 
practical  wpper  utl!ltatlc»  Halt  la  *Ws  led 
eefciciaf,  efcicb  ha*  set  before  tpproeched, 

1*  reprs?ra'<ed  by  the  VT*A  IOslO  te«t  Wt*  os 
T#  rra  -T1  rvs ,  vhicb  sum  a  get  i«  convert  Marly  33 
percsst  o I  its  platf ora  area  to  aeatlaaJ  contact 
•  ret,  (YXEA,  1*6S). 

The  1  apart  esc*  of  tfceae  latter  fi rare*  is 
ssdarsMtef  by  the  followlsg  appraxisata  rwegea 
la  NUG?  vfclch  hare  We  a  iadi<A*«4  f  tom  accuse alctod 
esperieeco  *at4/or  stogie*  to  W  aeressary  to 
esaure  adequate  performance  of  tracked  realties 
ia  %  swpliag  of  difficult,  weak  terreis*: 

Floating  aarrh  0.5-1. 3  psl  (SultaX!  et  at.,  19S<} 

Wop  tree  line 

saovs  3. $-3.0  p*i  ( Thoesoo  mad  *iX»oo,  19S<] 

Glacial  Arctic 

sawn  2-5  p»i  (Hellor,  1553} 

Msskog  1-3  psi  {Thottsoai,  15*1} 

Marshland  2.*i  -3.#  psi  (Cushor,  1553} 

Korth  Garaaa 

plain*  #  psi  {Uffelaaaa  and  £rua,  190S] 

The  lo«r  figure*  generally  apply  to  smaller 
reticle*  (1-2T  G.S);  tb«  higher  figures  to  larger 
e»dki»e*  (20-S0T  CVWJ;  reflectisg  a  jesarsl  patten 
i*  seat  aattsral  veak  terraias  of  iscro&sisg 
strength  of  the  surface  tutorial  ai  a  sires  spat 
uitfc  depth.  Thii  is  a  "*csle  effect"  vhick 
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larger  vehicles  »tf  «i^UU  if,  a*  is  erdtaerlir 
the  us»«  ih*y  eva  talers  te  presort  i  oast*  if  largo 
a  tftkajt f . 

The  tertrei  rowgh  fisurti  giv?»  clecrlf 
dm«stret«  <:ho  not  slwevs  appreciated  fsci  that 
lew-ground  pressure  veMclt  of  a  give*  pattens 
Mat  be  phr3 1  ca  1  If  larger  this  higher  pressure 
vehicles  for  the  saee  Job.  TVr«  are  tww  eitem* 
ti was*  aaefc  offering  la  practice  *%ly  lUited 
reliaf.  First,  tit  pattern  of  tW  vehicle  a*y 
ckasged,  13  froa  a  -stesd«rd~  ailitarf  stpi# 
of  tracked  vehicle  to  a  *"Iow  ground  pressere* 
configuration  {havitsg  nuch  less  roc«  in  the  hull 
katvtttt  the  tracks  for  nachinerr*  mm,  cargo* 
atc,)f  or  fro*  a  wheeled  ?•  a  tracked  vehicle* 
ate.  And  second*  the  overall  weight  of  the 
vehicle  **y  ho  reduced,  br  reducing  either 
Its  taro  might  *»d/or  its  par  load,  (Use  latter 
nnr  smatiM*  he  possible  if  its  periled  is 
Mchicerr  ••  e  drill  rig,  a  weapons  arattsi*  etc. 
which  caa  be  specified  fuactionnllv  rather  then 
aispl f  as  a  dead  load,) 
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*otwVt>s»i:»*ii*g  tba  ll*it*0  Cittot  S «  »Mch, 
ia  *ct*?ii  practice,  w* i  jb  t  r»i#<tlt*  c*a  altigsto 
tko  b«*i#  slluatiwa,  it  l»  oridaat  Oat  orary 
•  ffort  »u*t  bo  »u4a  to  ra-iuc*  nMclt  (**4,  as 
passible,  “psyi Mi*)  waiphr.  wHor*  festiblo.  This 
prtele*  it  clsorly  racojalie4  by  oilltsry  vehicle 
spaciliors  sad  A» a  1  s»« r* .  la  recast  years  c 
three -pToayai  lyymtit  baa  bear  ttiu:  first.  to 
ray '.aaa r  &*#  develop  1  i ghtwo  1  gfet  coapseosts; 
socood,  to  explore  the  weight  rsdoctteo  possibilities 
of  sew  Materials  **4  construclloa  satkods  ia 
cantata  •'idea"  vehicles;  tad  third,  slepiy  to 
apaai/y  lightweight  vehicles. 

The  cocperaat  work  has  baa a  coatected  wlthla 
the  coatoxt  of  awtowsstive  protection  coots  of  the 
erter  of  11/lb  of  eapty  vehicle  weight,  coetrestad 
t»  $30-4«/lb  for  helicopters  [lleger  tsf  Kwbls,  1939). 
tor  exaaple.  As  a  resalt,  a&tesr  weight  *«risp 
only  hara  efte*  baas  achieved,  iM  these  oaeally 
at  the  expaase  af  terabtllty  «d  reliability.  Tho 
paa^ilua  is  swinging  back  as  the  protest  tlao.  A 
aaw  track  developed  for  the  WW  task  fussily,  Aim 4. 
at  iMbUif  the  cwrroat  track  Ufa  of  sheet  IS #9 
silos,  will  odd  «m  tea  (1  perctat)  to  th»  CT* 
of  tfc*  !«•«  }A7AC,  IMS). 

A  relatively  rtomt  ^wnutritloa  of  tka 
nifhMtviif  possibilities  of  *ew  caastroctloa 
aotboda  ui  notorial*,  t»4  of  cartfsl  detailed 
desiga,  was  provided  by  tho  XXS2 1 .  2  -1/2  -tots  £x9 
Tfoaoyboar**  (Bisckoff,  1941).  landed  olcalaoa 
honey cote  «u  vsed  as  tko  basic  aatorial  for  its 
acaeco^tn  body«fraao  strtKtare,  aad  aiaedswa  was 
tritely  ttsed  ia  tha  power  traia.  sespeaaiee,  **<4 
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mat.  Tull 

throw  |  Scut  of  t**>  rjrjutjfi  offset  9  •/ 
r*ewctioat#  pert  ic-utrly  la  tvo  d**lr»  s*4 
stltction  of  pwtr  :M:a  anti  r^niat  jttr 
coapor.tata.  TW  wii  twat  itt  curV  ««ipt 

«ts  60  Ui»  lift  a  t  ^  jt  t  of  th#  »t**4*rd 

WS4  cr  Ni*S  2-)/2‘  toft  *>*6,  er*a  taovf^  It  iacor- 
por«**d  c  *o*M  1  i  1 1  #  *  t  tod  its  &©<ufc*l 

vait  g round  p  nature  «t  grot*  vtjjnt,  cm  1  .j$  z  L% 
was  32  ptrctrt  lest.  Still  •e.'t  fK«tly 
a  tiaxlsr  *;«rciia  h*t  rrpwrtad  it  which 

«Ufa«si u*  vc3  t:;t*\*irtiy  used  is  the  hwll  £»d  cab 
of  *  tv^sting  fcr^  tss*  t*d.  Tr»v  w«i*ht  of  these 
cooroaents  vat  rvdoetd  to  cnlr  20  perceat  of  the 
tFwfaicla’s  curt  wtight  (Drtitv  Ptf}.  w-hich  it 
comparable  to  the  relatxr*  structural  weight*  of 
high  i,>r*d  aircraft  c*+i 

?4*kni> I*? y#  Xov  190S)  at4  rwprtsamt*  a  corns i dw  rafcla 
l«p7ov*m*t  cTtr  tba  SS  petcew*  bsxdgf  tad  to  tit 
na**  it«n  oa  tfc#  (folly  £»pbibiottt}  1X14712  4rf» 
Si^t  rduck  ( 19  SI)  •  Dmapitt  iftcerperax  lag  a  am abet 
of  other  erperiametai  isaorc ti oat f  cot  all  ef  which 
:i«re  coxaistext  with  «i*t  worn  weight,  tbit  mschiw*, 
tom,  waijrhsd  ooly  about  4$  percent  as  «ack  s* 
cmparxbl*  standard  machiaea. 

Neither  the  Hocatyboar  »or  tfee  a«r3wti«  test 
bod  was  put  through  the  vrisjer  of  fiold  service, 
which  would  undoubtedly  result  ia  *o«  r,b*wfi»g 
v?tn  tad  neither  wo  desitned  for  the  100  percent 
or  tort  ora r loads  at  which  standard  dense*  -aatd-e- 
half*  regularly  work.  Their  weights  are  coeaxwxd- 
aofestheless* 

tfh&le  so  vehicles  of  toch  roMrktbly  light 
weight  hare  oxtered  the  syate*,  the  latrwasi&g  «m 
ef  lightweight  materials  i*  mill.  ry  ©ff-romd 
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cwtmtt"  [E.  a.  FwAUi,  qvatW  by  Kioimr*,,  1W4J, 
hot  a©  «sa  is  fir*d  *n4  »•  '**5  lo»*s  «*y  *«»*7  • 
i  t»  being  J$  part**  t  overnight* 

**  CTa  -  *  "tette  at  Fort  Laos  3  the  IX5I3S1- 

*-  l*to®  4 x <  COtl  -*  **vas  abla  to  »m t  t^cifi«4 
pa  rforfl»a»ca  «*4  mobility  roqal  r» seats **  (AJC-Tlft 

30.3.2*3,  m*}. 

Vaigfet -g rpwth  far  tawrsl  cormt  TabAclaa, 
recceut  truettd  froo  published  rapart*.  is 
illaxtratad  ia  Figaro  I.  DIscitmip**  af  the 
praties  with  eorkiag  raMcit  aagissars  micata 
that  im  psrt  af  tfca  growth  is  aitiAbotshla  t® 
tfco  act  i  e*  of  varicts*  ccrs-oittf-a*  which  cntisoally 
load  oo  additional  oa-vabicla  notarial  ,  tmli ary  r<r*i?»**t' 
etc.*  darisf  tba  1  oaj  cosrsa  of  davalcynst . 

Howwr,  tbit  *e©aars  ta  be  only  part  of  the 
story.  Tha  problem  ©f  camlistic  Might  pi'* 

^Mili  it  apt  pacoliar  to  tha  A  ray  ©f£-rood  wfcicla 
field,  bat  is  also  feaad  ia  X«*y  rohiclas  sack  as 
tfca  UA  fa/.  f*  Slt-331,  ItSt;  Xnhips,  IW4J  «4 
ia  the  presumably  weight  conscious  aircraft  isdatstry 
fa/.  SA1HE,  i*+*3,  wharf  cerofml  p^rawtric  wight  astl* 
aitioa  has  bean  sheers  to  bo  accurate  te 
approxlMtaiy  M  parent  (Harr,  15**1  •  TV* 
latast  ri  seal  cal  at  i  on  ia  the  F 1 1123  J*avy  version 
of  tfco  ceofcmersial  TTXe  which  by  nid-l£*4  wsa 
vor*  thaa  20  parent  wr  &r?ig*  wxian  Might 
[rail  Street  *a*rcal#  3  Aeg  It§4|.  Figsre  f  ahoco 
stfcor,  earlier  JUvy  aircraft  experience  as 
reported  by  Hook,  who  ©ophnif  ticslly  con oats 
",  .  •  son  of  nr  growth  malts  free  overly 
cptisistic  wight  proposals  sobnltted  la  m. 
at vnpfeare  of  fiasco  eoapetitioa.  It  way  also  bo 
sale  that  the  desired  characta ristics  called  for 


In  th9  ?r^c  aero 

|K*okt  1564).  Apparent ly,  tz  la  tfco  *Hit*ry 

TOkicU  Hold,  th*  feiddor  *ho  tagfsst*  that  t  ho 


kinjj  is  ntiti  is  s  bora  losor* 

5jf/ico  to  «4Y  thsi  tho  prc&le*  ta  »inou«, 
part icuisrlr  la  rslstieo  to  iosiga  for  inprorad 
©ff-ro*d  poTforatnc*.  !u  solution  i;ss  la 
dorslopjag  cissr  lloos  of  rtspcas i&i iity,  la 
puttiag  spaci i lest ioaa  U  puroly  factional  tana* 
insofar  *s  possiblt,  tad  lesring  tho  sroight, 
diaeasioes,  pcaror.  itc.  (sad  smtltc^  tost,, 
aocosstry  to  do  tho  Job  op  to  tho  rohlele  oagiaoor, 
and  ia  roducing  opportusi  t  As*  for  cooHcittos 
tinkering  duriag  tho  ££»rs«  of  tho  eagi&oori&g. 

At  a  tors  dotsilod  level,  It  will  taka  better 
weight  control  eagi*#erl»g*  This  will  cost 
additional  maaay .  The  Kovy  weight  com  ol  program 
for  ships,  iiutittttsd  1e  1541,  is  reported  to  cost 
1/2  percent  of  the  total  cost  ct  t  ship  (Sachts* 
bairn*  msj. 

A  visblo  weight  control  prog ran  for  eff-road 
vehicles  oust  Include  development  of  cult iperammtor 
•stirutiag  p rocsdMros  »ueh  u  described  for  tir* 
croft  by  Karr  [lSdS]  Ssuid  engineering  nd 
historical  i*terr*lati«ujhips  must  bo  developed 
bstvoon  caapeaamt  wei?tU*  load*,  spools, 
diawesiems,  costs t  etc#  lesgfc  aatimatlaj  fifmro? 
are  used  by  orory*ss  (3-4  Ib/fcp  for  g&s<eti»e 


of  CM  pirvad  tc  til*  of  it*  #t*«ri»8  gt*r 

will  st id  a  further  iacrswa?  of  ooro  that  Q.l 
pru «4  to  otSkor  forts  of  tA«  csr  (lV4iJ.  A 
Vojirsiag  is  rotation  to  t*»ls  **»  Mft  fcr  Koolllo 
Astocistoa  {295*},  bat  ouch  stn  is  r*qelr*4. 
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It  is  often  not  fealiied  t,hct  additional  off¬ 
road  oobilltr  rocuiranest#  vill,  st  the  presest 
juncture,  bagtn  by  $Jd<n$  to  tit«  tare  eeight  of  a 
rehicis  for  6  gives  fuactioa.  Consider  basic  tiro 
weights,  u  as  example. 

Pajressioa  analysis  of  published  fits  cn  Us« 
weight  of  a  n <xxix> r  of  off-road  tiros  for  various 
torrices  JGoodyear,  l?i*j  loads  te  tho  fellowisg 
sinpie  *q*«t  i  co  for  x %o  weight  (St )  of  a  single 
tiro  of  »ora -or - 2ss*  soars* t ices l  fora  and 
ccxstructios: 


,bdJV,*«* 


)  ♦  E*  {**>.) 


wkors  *j  »  aa.xi»«a  rstod  load  ia  povads 

on  th*  tiro  at  its  deaijmed 
isflation  pro..^rTt•.  If  fclgfcwrv 
operation  i*  included,  tbo  load 
(otd,  iooiicltly,  the  larlstioe 
prossoro)  for  this  norrlco  is 
used. 

k  *  nsdef loctod  tiro  section 
widik  (U.) 

4  •  wjdefloctsd  tiro  catside  di » 

samt  (is.) 

4,  »  rid  disaster,  is. 

Values  of  2)  aed  t8  vtvf  sonowbet  for  various  types 
of  tiros.  Ararat*  ▼*!«•»  or*  tabulated  below: 


Highway 


Off -load  Grade r 

HBOC  Kimary* 

Sand 

Earthaowor 

Seek  Tread 

Bop lex ,  keck  Tread 

Cnpacrn  (slow  speed} 

TW8*TI:»»4C  Sasetk 

Torrsfrip  Trend 


HI  la  a  go  Tread,  standard  9.891S 


'■Jeplea 
Sxtra  Saall 
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*  T“  #«►*. 


e.ddii  is 

e.etiT  i 

$,W1«  29 

9.9CU  9 

9.9699  29 

9.9911  196 

9.691J  » 

9.9411  29 

1 .9911  9 

uni  i 

9.949C  i@ 
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*  Ce*  L c*  ly  t 
asti'ly  75  . 

&*?b*  tratttr  of  ttlati  T*rrt-Tlrt  wvicbts 
▼  ere ics  vftltii  c^tpaii'l  ±7  this  *i«*vitra  it  r#ia» 
tiT«l7  tr»»t  ,  «&(2«ttir2  tS*t  f<s*a  ef  lb# 

It  *ol  «*xlrt;y  t;vfo?rlttQ  Tor  t*o»e 
«xtrt8«  t/p*«  —  »sie*  ic  aox  **ryrisiag.  7  1* 
eoettuts  Circa  previdt  ro-c*  aocci  ieiif  #  . 

The  degree  of  fit  typical  for  the  s«re-or-lest 
standard  tire  tn^»  is  illustrated  is  Tigure  18,  which 
cseparcs  actual  Tartu*  coeluted  weight*  for  grader  tires 
(nediu*  directional  chtrron  ♦read),  sand  tir»s,  and  tw« 
aondi rtc t ional  c ro as -ecus t ry  tread  ailitirv  tires, 
each  covering  a  vide  rsag*  of  loads  sad  disonsioas. 

While  t He  suggested  tire  weight  equacioe  is  un¬ 
doubtedly  inexact,  tire  buileing  is  itself  aa 
iaoxact  science.  Scat  of  the  points  which  appear 
to  be  bad  ia  the  correlation  diagra*  are,  c* 

•  aeslxatio*  of  the  basic  data,  obviously  out  of 
line  with  other  tires  for  nominally  the  sue  ser¬ 
vice,  quite  rpart  fro*  this  particular  regression. 
Freqwntly  they  are  tires  for  which  there  ia  rela¬ 
tively  little  call;  usually  they  ire  heavier  thaa 
calculated. 

These  fee  tires  which  are  subs tastially 
lighter  them  co-aputed  are  generally  the  popular 
aists  ud  types  ia  which  there  is  considerable 
price  co^peti  tifo  ^  The  weight  --  and  ho  ace  cost 
••  savings  which  cu  be  ead*  under  this  pressure 
ere  illustrated  by  recent  government  experience. 

It  eta  reported  ia  1 96 S  that  over  three  successive 
purchases  of  the  widei?  used  14,50x24  military 
tire  to  the  identical  specifieatioa,  uait  tire 
wight*  fell  fro*  178  powdLs  t©  1/3  pounds  *e  1 10 
pewds,  a  total  of  24  percent,  apparently  due 
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primarily  to  reduction  1 a  u4«r*mid  ntb^«r. 
Although  tho  lighter  tiro*  provod  difficult  to 
recap,  all  versions  performed  astisfcctorl  Ijr  on  tba 
vehicle*. 


IOTIi  Vhlls  tkt  approx loot*  above 

implicitly  *av#lvaa  laflatloa  prvasuro  (X.  pal) 
ill  lira  (ontrxitloa  (la  taraa  of  pir-rotlag  •• 
7R  -«  tor  aiaopla),  tbe  speslfls  rvlstloeahlp 
betvooa  tbaao  variables  la  also  of  lataraati 


vlire  f  •  il*IO,  avtregeo  ebovt  lb. 

It  la  rsportsd  that  la  carroab  oarthaovar  tiro 
praetlca  f  •  26,  lailcatlag  that  a  tiro  oa  tho 
iUodi,  stiff  al4o  la  4«olr«4  or  required. 


Neglecting  tho  constant  Ct  la  tho  tiro  weight 
equatioo,  vhich  la  rolotlvolr  snail  for  tho  also  and  type  of 
tiroa  of  interest,  aquation  (1)  007  bo  reshuffled 
tc  shoo  tiro  weight  as  a  fraction  of  total  oolght 
carriod  and  as  a  function  of  noniaal  unit  grown d 
pressure  (KlICP  aa  do f* nod  earllsr): 


from  thla,  too  tk*;<gs  art  readily  apparwat.  First, 

'  tho  oolght  of  a  tiro  to  carry  a  giro  a  load  increases 
proportionately  as  MUG?  Is  decreased;  and  so coed, 
tho  relative  oolght  of  a  tiro  to  achieve  a  given 
ground  pressure  lacrosse*  as  tho  square  root  of  tho 
load  to  bi  carried  by  tho  tiro.  Weights  of  wheels* 
and  axles,  of  count,  alto  increase  vi th  tiro 
dimensions . 

Finally,  consider  tho  effects,  upon  tiro 
bright  only  (l.o.,  neglecting  sale  tad  pooor  train 
treads,  ohlch  nsy  run  conatar),  of  tho  mow  bo  r  (a) 
of  tiros  osod  to  carry  •  given  total  load  00. 
Substituting  (W/a)  for  Vt  la  equation  (1)1 

•Tha  voigat  af  standard  stool  vboola  oa  a  oaoanotit* 
tired  allitary  voblola  is  goaerally  lose  than  3  yarooat 
of  ovw  (S«44  Co.,  1558). 
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Tbit  Indicate*  that  the  total  weight  of  llrtl 
(only)  to  carry  a  glrvn  total  load  at  «  #<*•*  MVC? 
decreases  .  aa ...  the  nuabar  of  tlraa  used  (for  which 
road  exits)  increases.  Thus  tho  weight  of  tiros 
on  a  4x4  would  ha  49  parettt  graatar  than  that  oa 
aa  Ixl  of  tha  i aaa  grots  weight,  sad  having  tha 
sane  NUG7.  Conversely,  tha  Ixl  Might  hara  a  WGP 
40  percent  lass  than  tha  4x4  for  tha  sene  weight 
of  tiros. 


So*e  data  on  tha  waighta  of  tracks  (ATAC, 

196S)  and  of  alualnuw  road  whaals  for  tracked  vahicloa 
(Faulkner,  1942]  are  plotted  la  Figure  11. 

Figure  11a  shows  that  for  a  wide  range  of  tracked 
vehicles,  track  weight  alone  runs  froa  I-1S  par 
cent  of  gross  vehicle  weight.  Tha  higher  figures 
ate,  not  unexpectedly,  associated  with  low  ground 
pressure  vehicles,  ranging  fro*  tha  Vassal  (2  pal, 

SOC0  lb.  GYV)  to  the  HUSX-OX  (3  psl,  100,000  lb. 

oni) . 

Figure  lib  presents  the  data  la  another  for*. 

Tha  curve  drawn  illustrates  the  relationship 

| f 

•  0.04  ( GYV ) * ^ * 

-  track  weight  par  foot  of  length)  which 
follows  the  trend  of  tha  date  plotted,  and  is 
generally  of  the  for*  which  would  be  expected  fro* 
gea**tric  conaideratione .  Tracks  on  four,  low 
ground  pressure  articulated  vehicles  are  included 
in  the  plot,  end  two,  la  an  important  seaae,  "beat 
the  rule."  However,  experience  has  shew*  that 
track  and  suspension  eleswats  for  properly  designed 
tvo~uait  articulated  vehicles  need  be  fixed 
structurally  according  to  the  weight  of  a  eiagle 
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wit  rsthar  than  tha  CYW  of  t ha  cmpltta  Mhldt 
{»Mch  i*  **  rjrwin«).  *'<aa  this  it  tskaa  late 
constiiaratlca  (at  ahotra.  by  rap  lot t lag  th*  unit 
tra-'k  »ai|.its  of  tha  articularad  aehicla*  at  ora  - 
half  thair  iTnr),  i:  la  arid* at  that  tha  l o*a  ground 
prataura  tracks  aiain  tana  to  fca  haartar  than 
aornal  width  tracks.  Tha  only  ascaption  it  tha 
special  duty  33-inch  band  track  with  forged 
alualnua  grouswrs,  utad  on  tha  Mark  11  Palacat 
[MataWala  in  D*» tfn  faginaa ring,  May,  1941). 

Tha  aaarail  affact  upon  trackaa  rehicla  wolght 
of  incraatad  toft-toil  aoblllty  raquirananta  (la 
t  a  rat  of  WL'CP)  it  sutgaatad  ia  F  t  g  u  re  II.  This 
flguro  illuatritaa  a  trackad  vahicla  design 
ra  1  a  t  loot  h  ip  darlrod  empirically  from  c  out  1  da  rat  1  oai 
of  four  convent  lonal  trackad,  low  ground  pratturo, 
floating  cargo  vehicles,  tha  Vessel,  tha  Ottar. 
tha  Mli6,  and  tha  XMS4IE1.  It  ahowt  a  paaaikla 
relationship  batwaan  pay load-tu-curt  walght  ratio 
(*/»«).  payload,  and  vjcp.  while  thia  la  simply 
a  regression  on  historical  data  aad,  as  a  mat  tar 
of  fact,  nay  or  nay  not  ba  tm,  it  danonstratas 
tha  probabla  fori  of  tha  relationship  anong  tha 5 a 
varlablat .  If  It  ia  l:idoed  accurata.  It  ahowa 
that  apacifying  tha  "magic"  value  of  P/W^  •  l 
la  particularly  ridiculous  far  thia  claaa  of 
nnchina  at  lew  payloads  aad  low  aoniaal  unit 
ground  praaauraa.  Cons i da r ably  nara,  and  more 
datailad,  nora  accurst.*  relationships  of  this  kind 
naad  to  ba  davtlopod  to  aid  in  undarst ending  th# 
lntorralationahipa  batwaan  daslrad  faaturaa  nud 
to  ancowraga  realistic  a spec tat lams . 

Tha  naasaga  ia  nanathaiaaa  claar.  One  of  tha 

intrinsic  coats  of  increasad  nobility  raq  wire  neats 
la  largar  and  heerter  rthiclas  to  carry  a  given 
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1m4.  *hilt  this  has  barn  i!Uitn»H  nrtaanly 
i*  ralstioa  to  soft-toil  Mbil***.  It  is  aij*  tfj* 
of  oti'tr  at:>a<t%.;  lncrvnii  spaad  l*  ttrrata 

raquiras  incrtaaaJ  waal  trsvti  at  Itast  (,sus!ly 
•  kig|tr  aachi^a  is  »c»t  ratpact)  and  increased 
ntM) r§  gaar  rufgtd.?a»a  i+ ora  waifht  a*d/cr  Krt 
coat  for  fa!*ciar  daslfft,  v?atiar  sittrUIt,  a  :  c . ) 

Tha  additional  weight  far  a#  of  acrt  oobila 
vahicla  conf Hunt ion*  eo*ti  bard  cash  at  purchasa 
tin  - •  11*00  to  12. S3  pcund  (Jcat)  and  Latt. 

1905;  Cgork ;ewi c  t *  1365, £4, 6$(.  Currant  original 
a^vipaaat  naaufacturar  prictt  for  productions  off- 
highway  tiras  ringa  fro*  about  SO. €5  to  SI. 00  par 
pound.  Tha  lcwt*t  prices  ara  for  popular*  *ad  hanca 
coopatitiva,  types  in  tha  »iddla  sisa  rang*.  H^ra 
spaclal  cataloged  ttraa  aay  coat  at  »oc.i  aa  SI. 2S  r*r 

pc and.  {Faderal  taiaa*  a  function  of  tha  amount  of 
robbar  in  tha  tira*  run  about  JO. 13  rar  pound  of  total 
lira  waight.)  ^Uitary  tracks  bought  •»  quantity 
ranra  f  re*  JO.  40  to  10.  SO  par  pound  for  link  trr* 
tracks  to  12.00  to  J2.S0  pat  pound  for  hand  typa 
tracks  as  tansraily  usad  oa  2o«ar  around  prassura 
▼thiclas.  Am.  of  ccursa.  tha  dlract  iocrtitt  in 
running  ftar  weights  and  coits  is  oaU  tha 
beginning . 

As  aa  eitnplt  of  tha  total  iepact,  cciridar 
two  otherwise  ccnparable  trackad  vehicles  (*i*h 
twinning  ability)*  each  to  carry  a  S-to*  payload, 
jne  at  10  pit  M *CP9  tha  othar  at  1  r$t.  *akint 
tha  larga  assumption  that  tha  curves  cf  Figure  12 
ara  basically  valid,  the  first  vahic  a  would  weigh 
14*000  pounds*  tha  second  24,000  pounds.  As  a 
first  estlaats,  tha  cost  of  tha  ultra-lov  ground 
prassura  machine  would  accordingly  bs  20  pcrcant 
grant tr  than  tha  hither  ground  pratsura  vtklcli. 
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The  altcrnitlrr  cf  ;olnt  to  aircraft  t rpe  of  J^ncn, 
materials,  pf'-cenn,  and  quality  control  c a-.r.ot 
be  seriously  ctn»iJf '«J.  Iren  inunt-j  that  such 
an  approach  would  « educe  t'~e  tar?  weight  cf  the 
5-to~.  payload  ’  w  ground  pressure  vehicle  to  S  tjns 
(the  "na(ic"  ratio  of  payload/curb  weight  ratio  of 
ons),  the  cost  per  pound  (at  aircraft  prices)  would 
rise  by  a  factor  of  in  or  nore,  resulting  in  a  not 
increaoe  in  vehicle  fir..:-cost  by  a  factor  of  at 
least  4.  Even  the  relatively  «odes t  increase  in 
per  pound  cost  of  the  AMS61  1-1/4-ton  bx6  (by  ATAC 
out  of  Ga»a  Coat)  over  figures  for  such  hijh 

production  items  as  the  standard  2-1/2-tea  6x6 
truck,  la  causing  scae  consternation  [Vats  cn  i  *  j  66) 
despite  its  perforaance  (Sorris,  1*61),  and  cheaper 
alternatives  such  as  the  XM70S  nonswiaming  4x4  are 
already  under  study  [Morrison,  1965] . 
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Reliability  and  Maintenance 

Competing  most  strenuously  in  the  design  cie* 
promise  aren*  with  the  dictates  of  off-road  perform¬ 
ance  ere  the  requirements  for  reliability  and  main 
taxability.  The  competition  is  oa  three  levels: 
veifit  *:»d  space,  dollar  cost,  and  lead  tine. 
Reliability  is,  of  course,  a  prime  factor  in  any 
consideration  of  vehicle  effectiveness.  A  vehicle 
which  cannot  neve  because  of  a  mechanical  failure 
is  fully  as  insob i li zed  as  one  which  cannot  go 
because  it  is  up  tc  its  ignition  switch  In  mud, 
perhaps  more  so.  For  this  reason,  there  has  frea 
time  to  tiae  been  a  tendency  to  lump  reliability 
end  nobility,  and  many  development  projects  in  the 
past,  justified  on  the  basis  of  their  potential 
contribution  to  "mobility ,*•  were  in  fact  concerned 
with  reliability,  particularly  on  odd  years  when 
'•mobility"  has  been  the  temporary  key  to  the 
cashbox. 

There  is  no  question  but  that  the  reliability 
and  maintainability  of  military  equipment  is  a 
problem  of  overwhelming  importance.  Just  prior  to 
the  buildup  in  Vietnam,  one-third  of  the  defense 
budget  was  chargeable  to  maintenance  [Teal,  1965]. 

In  the  reliability-minded  world  of  aircraft,  nearly 
oae-helf  of  all  peacetime  aircraft  losses  (in  or 
out  of  the  services)  involve  equipment  failures. 
Losses  of  Rival  aircraft  from  1958-1963  killed 
trained  operating  personnel  numbering  approximately 
10  percent  of  the  output  of  the  service  schools 
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i-  the  srsi  p*r i':2.  /v;d  main: 
aircraft  over  t‘.t  *«*•  S-year  period  were 
thair  original  acquisition  cost  {Ccutinho 


:cn  tiaes 
*564] , 


Amy  vehicle  raintenance  cost*  arc  relatively 
las*  than  departsenewide  cr  aircraft  figure*  s  ;ch 
as  these,  but  this  probably  reflects,  in  part  at 
laa*t9  the  »uch  lower  relative  peacetime  utilization 
which  is  aada  of  the  more  expensive  vehiclt*  such  a* 
tanks,  which  worldwide -accuaulate  something  of  tha 
order  of  onlv  ICO  Riles  or  19  hours  of  operation 
per  sc nth .  They  are  nonetheless  £or*idabie. 

Dirac  :  parts  replace»«nt  costs  alone  *cr  tha  wall* 
developed  M60  Battle  Tank,  for  example,  are  of  tha 
order  of  $3.75/aile,  of  which,  incidentally ,  over 
J2*C0/aiie  is  for  track  rtplacenent  onlv.  if  tha 
M60  tanks  ware  operated  only  tha  50  hours  par  aonth 
for  which  Aray  helicopters  were  reported  79  par  cant 
available  three  years  ago  [CongrtBticnal  Zteord, 

6  Nov  1963],  direct  parts  costs  per  ywtr  -wild  be 
about  percent  of  first  cost,  and  total  main¬ 
tenance  costs,  including  personnel,  shipping,  shop 
costa,  ate,,  would  be  perhaps  40  percent  of  tha 
first  cost  per  ywar.  This  i*  below  quoted  aircraft 
and  avionics  levels,  but  does  approach  their 
remarkable  ball  park. 


In  1962,  new  targets  for  tha  reliability  and 
aaintainability  of  (then)  future  Amy  wheeled 
tactical  and  tracked  vehicles  ware  established 
{HIi-STD-1223,  1962].  In  essence  these  called  for 
tha  following,  which  are  compared  to  contemporary 
experience  in  efficient,  commercial,  cn-road 
fleet  operations  [fleet  Owner,  Oct  l?o3J. 
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(Overall  comncrcial  maintenance  costs  for  t' c«e 
vehicles  were  5-Re  per  milc.i 

Differences  in  overhaul  periods  arc  in  r.irt  .'•sc 
to  off-road  operation,  part  to  the  military  environment. 
Piffcrcnces  in  maintenance  manhours  appear  unrealistic, 
'aintenance  costs  of  pronerlv  ecsirned  off-roai!  trucks 
operating  in  Arabia  were  reported  ty  kerr  to  be  twice 
those  for  comparable  on-mac1  c*iuipment  rnu  operations 

J1956).  Overall  operating  costs  cf  commercial  buses  ami 
trucks  in  Africa  have  been  reported  to  more  than  double 
when  operations  were  on  unimproved  earth  roads  rather 
than  pood  surfaced  roads  (Villard  and  flonnay,  19fti»|. 

At  the  1'.  65  American  Ordnance  Association  me*:  tin* 
at  Rock  Island  Arsenal,  it  was  reported  that  sufficient 
propress  has  hcen  made  on  the  durability  propram  that 
new  targets  for  overhaul  intervals  were  under  consider¬ 
ation. 

The  arproa'h  taken  t?  improve  maintainability 
ha*  been  on  a  broad  front.  Frequency  of  preventive 
maintenance  has  been  reduced,  both  by  better  design 
and  by  rethinking  earlier  procedures.  Self- 
checking  features  have  been  designed  into  new 
conponents,  system  check-out  analyzers  have  been 
devaloped,  and  use  of  unit  replacement  or  nlug-in 
module  design  has  been  stepped  up.  On  the 
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orpjni  rat  i  onol  side,  maintenance  manpower  and 
talent  have  been  reorganized  for  greater  effective* 
ness,  "readiness  indices"  have  been  developed  vnich, 

as  one  function,  serve  to  check  regularly  on  the  cam-  9 

tenance  effectiveness  of  individual  operating  units, 
and  more  efficient  parts  record  keeping  (TAf-.PS)  and 

maintenance  management  analysis  procedures  f TAMMS) 
have  been  set  up.  Finally,  a  design  training 

program  has  been  put  in  operation  which  aims  at  I 

starting  maintenance  improvement  at  the  drawing 
hoard  |Break«c*»1d,  lift*). 

The  Army  durabi  li ty - re  1  lab i 1 ity -maintenance 
program  has  been  plagued  bv  the  same  sort  of  basic 

I 

difficulties  with  quantification  and  lack  of 
testable  specifications  as  have  beset  the  search 
for  improved  mobility.  Moreover,  the  drive  for 
improvement  has  been  concurrent  with  pressures  for 
new,  lighter,  more  complex  and  less  expensive 
machines  and  components.  In  1963,  two  Army 
Regulations  were  issued  to  begin  the  quantification 
process  in  which  the  probabilistic  nature  of  both 
problems  was  clearly  recognized.  Reliability  was 
defined  as  the  probability  that  materiel  and  equip¬ 
ment  will  perform  their  intended  function  for  a 
specified  period  under  stated  conditions  [AR  705*25, 

1963);  maintainability,  as  the  probability  that 
required  maintenance  will  be  rccomplished  within  a 
spe  ifled  maintenance  environment  (AR  705-26,  1963). 

Both  features  are  to  be  specified  in  terms  of 
minimum  acceptable  levels  "quantitatively  expressed 
with  respect  to  environment  and  mission  conditions," 

In  each  case  a  test  plan  is  called  for,  to  be  a 
part  of  each  new  development,  setting  forth  test 
opacifications,  ground  rules,  and  statistical 
methods  to  be  used  in  evalueting  test  resules  in 
relation  to  the  specifications . 
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At  the  weight  and  space  level,  and  the  cost 
level,  the  t-rpe titter,  between  mobility  end 
reliability  and  maintensneu  requirements  is,  for 
the  most  part  evident.  For  improved  mobility,  all 
components  should  be  light,  often  small.  On  the 
other  hand,  the  easiest  way  tc  improve  their 
reliability  is  generally  to  "beef  the*  up." 
Alternatively,  light  weight  and  reliability  aay  be 
achieved  to  some  extent  together  if  design, 
materials,  processes  and  quality  control,  and  costs 
are  raised  to  aircraft  levels.  In  other  <’ses. 
mobility  features  nay  indicate  the  desirat  ’ity  of 
some  increased  complexity,  such  as  suspension 
element?  •>  a  characteristics  may  be  adjusted 
while  und*  r  way  (ATAC,  196S]  ,  variable  track 

geometry  [Stewart,  19S5),  locking  differentials 
(Ansdale,  1963),  central  tire  inflation  control 
[Stephens,  1944;  Ageikan,  1960),  etc.  In  every 
case,  there  is  conflict  not  only  with  reliability 
and  maintainability,  but  with  weight  and  space  as 
well,  and,  as  always,  cost.  It  is  interesting  to 
speculate  on  how  mobile  modern  aircraft  would  have 
been  if  the  aircraft  induatry  had  refused  to  give 
up  the  biplane,  retract  landing  gear,  or  use  wing 
flaps,  because  these  steps  were  (each  in  its  time) 
complicated  and  costly. 

On  a  slightly  subtler  but  perhaps  more  im¬ 
portant  level,  the  quest  fov  reliability  has  a  pro¬ 
found  effect  upon  the  rate  of  progress  towards  greater 
nobility.  A  complete  operating  vehicle  is  a  system 
of  components.  In  order  to-echleve  reliability  in 
the  vehicle,  each  of  its  components  must  be 
reliable.  In  fact,  each  of  Its  sajor  components 
most  be  significantly  nore  reliable  than  the  level 
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of  reliability  desired  of  the  whole.  Off-rosd 
military  vehicles  are  not  simply  draftees  from 
commerce,  with  a  coat  of  o.d.  paint *  however  such 
the  resemblance  may  seen  in  some  instances 
(Bischoff,  136SJ,  and  nost  of  their  components  are 
necessarily  special  in  many  ways.  The  more 
important  components  ' -  engine*  steering  trans¬ 
mission*  track*  etc.  ••  cay  be  quite  unlike  anything 
available  in  civilian  commerce. 

Accordingl*',  progress  in  vehicle  development 
must  be  preceded  by  the  devcloooent  of  suitable* 
reliable  components.  This  relationship  is  strong, 
lynde  has  pointed  out  that  it  is  generally  possible 
to  predict  the  main  characteristics  of  vehicles  four 
to  six  years  in  the  future  from  a  look  at  current 
component  developments  (19S9) .  While  U.  5.  A«*.v  com¬ 
ponent  work  is  largely  carried  cut  without  refer -•’ce 
to  a  specific  detailed  vehicle  design*  it  t'"v.*»  t 
reflect  the  status  quo  in  vehicle  "rholegy,  and 
hence  tends  to  impose  that  morphoro$y  upon  vehicles 
yet  unborn* 

In  relation  to  majw  i%-  .c  *em«snt*  In  ground 
mobility*  which  will  re^vJ.e  morphological 

changes*  such  component  .  tvelopment  can  actually 
be  a  drawback.  It  tends  ta  vorcs  a  choice  between 
a  vehicle  changed  only  n:  .esti/  In  the  directions 
needed*  but  made  up  of  w*'?  developed  components, 
and  another  of  a  proper*  .adic-lly  different 
fora*  but  loaded  with  ner.saari,./  new  end  untried 
components*  Not  long  c.gw  thi.*  ni  lemma  was 
theoretical  only*  Howaser*  in  raeent  months  thara 
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hat  been  a  discernible  d isenchantaent  with  sueh  nodes t 
innovations  as  the  XM*10E1  and  the  Ga*a  Goat 
inspired  X.M561,  in  part  bectufe  of  potential  and/or 
actual  unsolved  reliability  and  aaintainabi li t y 
problems*  which  are  in  turu  traceable  in  soat 
aeaaure  to  their  having  leapfrogged  the  coapontnts 
program  to  so«e  extent. 
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*Alao  la  part  btcnit  of  e«*t  *c4  be;»u«, 
dao  to  poor  translation  of  tho  original  attractlro  ft 

•oUllltp  ccacspts  [JkilcriKl,  196]],  to  vclgbt 
lBcrtuu,  at-.  [AXC  TIB  11-1-2319,  196]],  jtrfiniMe* 

4oa*  not  com  Bp  to  sxpsetatloa* ,  , 
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Despite  the  nany  mrenious  device,  which  have 
been  proposed  through  the  years,  including  all  fho 
recent  work  on  noon  vehicles,  design  of  a  practical, 
working,  ground-crawling  machine  early  resolves 
itself  into  the  selection  of  wheels  or  tracks  of 
soar  sort  for  its  running  gear.  The  question  of 
wheels  versus  tracks  is  a  perennial  exercise. 

There  is  no  general  answer;  each  situation  must  be 
considered  separately.  Unfortunately  in  the 
present  military  design  system,  the  design  choice  is 
frequently  made  directly  m  the  vehicle  specifi¬ 
cations,  prior  to  a  proper  detailed  performance 
analysis . 

There  is  general  agreement  that  the  principal 
reason  for  using  tracks  instead  of  wheels  is  to 
obtain  improved  cross-country  performance, 
primarily  in  operations  in  i  eik,  fine  grained 
soils,  and  secondarily  for  obstacle  negotiation  [e/.  Adams, 
1958;  Lucas,  1961;  Freitag  and  Janosi,  1963;  Uffelrann, 
1963;  Swamp  Fox  II,  1964;  Little,  1964;  Dcpkin,  1964]. 

It  is  also  generally  known  that  tracks  are  more 
expensive  to  buy,  to  cerate,  and  to  maintain  than 
tires,  and  that  tracked  vehicles  are  more  trouble¬ 
some  on  the  road. 

Where  a  vehicle's  off-road  operations  will  be 
largely  m  sandy  soils,  ss  in  oil  field  work  m 
Arabia  and  Libya,  the  job  can  be  done  on  low 
pressure  tires  and,  unless  combat  considerations 
dictate  otherwise,  is  best  cone  on  tires  [Kerr, 

1950,  1955,  1956].  On  the  other  hand,  tracks 
appear  necessary  for  flexible  operation  in  snow 
terrains  [<?/.  Kennedy,  1965]  and  desirable  where 
slippery  soils  and  slopes  conjoin  [Swamp  Fox  II, 

1944],  and  ere  universally  used  on  the  heavier 
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^un  carriers  such  n  tank*  sr.d  se  1  f -p  r  rpe  lied 
artillery  because  they  can  achieve  a  joed  level  of 
c  rcr.s -country  perforvance  in  a  cenf  i  gurat  t'.n  w-.ich 
is  r-ore  ccrpact  and  less  vulnerable  to  gunfire 
than  a  wheeled  rachine  of  equivalent  pe  rforosr.ee . 

The  .  urepeana  have  developed  *  number  of  successful 
arnor*d  cars  in  lighter  weight  classes  which  have 
reasonable  off-road  nobility  except  in  weak  soils 
[Ojjork tewict,  196S).  U.  S.  ailltary  emphasis  for 
comparable  cc aoat  vehicles,  on  the  other  hand,  has 
been  upon  tracked  vehicles  such  as  the  H113. 

Despite  tne  current  pinic  to  obtain  armored  cars 
for  use  in  Vietnxn  ' */.  Xr«or,  J*n*Fcb  1366]  •• 
essentially  fer  road  patrol  work  --  they  are  not 
considered  suitaole  for  general  cosbat  use  ever 
ther*  \-f.  3attr-sl,  1366;  Moore,  1966]. 

Over  the  years,  attempts  have  been  made  to  recon¬ 
cile  the  off-rosd  advantages  of  tracked  vehicles  in 
extreme  conditions  with  the  on-road  efficiency  and 
reliability  of  wheeled  vehicles  through  the  combination 
of  the  two  on  a  tingle  vehicle  in  sene  convertible 
fashion  [.*/,  the  Lefebvre  tractor  described  by  Lsgros, 
1919] .  Despite  »he  fact  that  Christie  is  revered  for 
his  introduction  of  large-wheeled  trsck  suspensions  [of. 
Cavlisle,  1964;  Clecavelli,  196S],  what  hs  was  la 
fact  trying  to  sell  to  the  U.  S.  Amy  was  a  vehicle 
whose  isportant  feature  was  that  it  could  eperata 
as  a  tracked  vehicle  off-road  and,  with  the  tracks 
quickly  reaoved,  as  a  wheeled  vehicle  on-road. 

Amy  interest  was  Initially  great  --  tTSf I  tracks  had 
a  life  of  only  90  wiles  or  so  --  but  eventually 
foundered  upon  mchaalcal  difficulties  of  track 
life  and  track  installation  tine  which  Christie 
never  satiafactorily  solved  (OCX  I ten  7922,  1929). 
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Other  attempt*  at  whcel/track  hybrid*,  hetin- 
nine  in  the  1920’*,  utilised,  on  lithe  vehicle*, 

retractable  wheels  which  stowed  durint  off-road  # 

operation  within  the  track  envelope  (cf.  Ileirl, 

19*6,  19*7;  packer,  et  ll.,  193SJ.  The  most  recent 

machine  on  this  pattern  is  the  Swiss  .WC-20.  a  small 

3  ;on  scout  machine  'Oarnier,  196SJ.  Still  -mother 

approach  to  hybrid! ration  is  rapresented  by  the  ^ 

half-track  vahicles  of  re II  (7M  9*2100,  1943], 

.  Perhaps  the  principal,  but  not  generally 
recognised,  reason  why  tracks  are  generally  con* 
sidered  better  for  soft-ground  operation  is  that 

they  can  better  utilise  the  vehicle's  planform  • 

area  to  develop  effective  ground  contact.  As  noted 

earlier,  ordinary  trackad  vehicles  convert  IS*30 

percent  of  their  planform  area  into  nominal 

ground  contact  areas  whereas  conventional  off -road 

vehicles  on  tires  (the  vehicles  which  everyone  9 

thinks  of  when  they  speak  of  "wheeled  vehicle*, •» 

which  fit  automotive  production  facilities,  and 

on  which  cost  and  reliability  experience  is  based) 

convert  only  1-12  percent  of  thair  planfom  area 

to  effective  ground  contact  ataa.  • 

Expariancs  and  studias  have  shown  that  this 
two* to -one  advantage  tends  to  hold  even  la  no re 
extreme  low  ground  pressure  vehicle  configurations . 

A  nuaber  of  tracked  machines  (mostly  articulated) 

have  demonstrated  that  SO  percent  or  more  of  the  * 

pisiform  ares  may,  in  practice,  be  made  available 

for  ground  contact  on  tracked  vehicles,  whereas 

the  practical  maximum  on  wheeled  machines  is 

perhtps  25  percent.  That,  despite  the  fkt  that 

trafficabillty  studiee  seem  to  indicate  fiat  for  * 

eqosl  "go,  so-ge"  performance  la  fine  grained 

•ells,  the  KUC?  of  wheeled  vehicles  may  be  0.5-1 
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r*.i  tor*  than  that  of  •  ccrr.»r«ole  traded  vriicle 
(see  Appendix  III),  traded  vehicles  ealr.tain  a 
considerable  potential  eJe*. 

Moreover,  exrerlence  show*  further  that 
wheeled  and  tracked  v*Mcles  of  the  sane  banc 
MJCP,  in  the  range  of  S  to  I  pai  where  they  ever* 
lap  in  practice,  will  weigh  about  the  iim  for  the 
sane  Job.  The  crude  weight  analyse?  which  hive 
been  wade  herein  for  illustrative  purposes  indicate 
that,  insofar  as  track-only  versus  tire-only 
weights  are  concerned,  the  weight  trade-off  line 
nay  be  approxiaately  sa  shewn  in  Figure  13.  v.»lle 
such  a  curve,  to  be  truly  useful,  should  include 
siany  nore  conponents,  it  supports  tha  general 
concept  that  to  achieve  low  unit  ground  pressures, 
heavier  vehicles  should  be  on  tracks,  and  that 
vehicles  of  extremely  low  ground  pressure  should 
also  be  on  tracks. 

An  exaaple  of  a  successful,  heavy,  lew  ground 
i  pressure  vehicle  is  the  >vUSK-OX,  which  has  a  GVK 

!  of  SO  tons  and  a  NUCP  of  only  3  psi  (Nuttall  and 

|  Thomson,  1960).  This  vehicle  is  43  feet  long, 

|  10  feet  wide,  and  10  feet  high,  and  carries  20*30 

tons  of  payload  on  a  deck  less  than  S  feet  above 
the  ground.  Rough  calculations  indicate  that  to 
achieve  approximately  the  same  toft. soil  perform¬ 
ance,  a  vehicle  on  pneumatic  tires  would  have  to  be 
60  feet  long,  13  feat  wl«>,  ei,d  perhaps  IS  fast 
high.  Its  cargo  would  ride  perhaps  7  feet  in  the 
sir. 

Practical  exerplsa  cl  wheels -versus -tracks  in 
I  the  extremely  low  ground  pressure  range  are  the 

j  marsh  buggies  used  for  oil  exploration  work  In 

!  Louisiana.  Ten  to  twenty  years  age,  large  wheeled 

•  machines  were  used,  of  which  the  most  sophisticated 
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was  t ha  r.jlf  Marsh  Byr;y  cn  13-fcot  pneumatic 
tire*  [Jacobson,  194S;  Nut*..M  at  il.,  1954J.  Crtv 
the  past-  ten  year*  the  «*!••<. «d  vehicles  have  all 
but  disappeared  In  favor  of  ponton  tracked 
machines  (Reynolds,  1 7 S 1 ;  Quality  Marsh  Equipment 
Co.,  1964).  Both  styles  are  in  a  sense  monstrosities „ 
but  the  tracked  vehicle  has  won  out  despite  it; 
mechanical  drawbacks  essentially  because  i» 
provides  better  performance  in  the  problem  terrain 
within  a  sore  compact  tr.d  manageable  dimensional 
envelope . 

The  normal,  rigid  frame,  tracked  vehicle  has 
considerably  more  verticil  obstacle  capability 
than  the  ordinary  off-road  vehicle  on  tires.  This 
is  in  part  due  to  differences  in  configuration 
which  could  be  resolved  to  favor  better  obstacle 
performance  in  tha  whealed  machine;  in  part  to  tna 
higher  traction  usually  available  on  the  tracked 
vehicle  because  of  its  normally  lower  NUC?  and  more 
mggressive  ground  engaging  elements.  However,  the 
discontinuity  of  ground  contact  on  a  wheeled 
vehicle  Is  an  unavoidable  drawback  in  any  event, 
and  tha  whaal  diameter  required  on  a  conventional 
vehicle  to  provide  the  step-height  capability  of 
any  good  tracked  vehicle  ordinarily  would  be 
prohibitive  in  conventional  layouts. 

Both  wheeled  and  tracked  vehicles  are  greatly 
is^roved  in  their  obstacle-crossing  and  climbing 
capability  by  frame  articulation  which  allows 
motion  between  the  units  in  the  vtrtiaal  plant, 
as  on  tha  wheeled  Cama  Coat  or  tha  cracked  HUSK -01. 

The  extremes  of  what  may  be  accomplished  through 
this  type  of  articulation  are  illustrated  by  the 
100 -pound,  6x6,  flexible  frame,  unmanned  lunar  vehicle 
conceived  by  Bekker  for  NASA  (Bekkor,  1963;  Lee,  19661. 


The  ride  of  tracked  vehicle*  in  rough  ternin 
••  tad  hence  their  operating  speads  -•  it  generally 
better  than  that  of  normal  cff-,oad  waeeled 
vehicles*  largely  because  of  superior  fjad  whe'  1 
suspension  and  the  usual  provision  of  a  larger 
number  of  wheels  in  contact  with  the  ground.  This 
advantage  is  not  intrinsic.  However,  it  proves  to 
be  easier  mechanically  to  provide  a  suspensi'M  to 
a  large  number  of  undriven  wheels,  as  cm  a  traded 
vehicle,  than  to  an  equal  number  of  driven  wheels, 
is  for  example  on  an  1x9.  On  thi  other  hand,  track 
noise  t end.  lu  degrade  the  ride  of  tracked  vehicles; 
and  in  their  conventional  stubby  for*,  their  limited 
wheelbase  makes  them  prone  to  high  amplitude 
pitching.  As  alresdy  noted,  the  latter  problem  is 
significantly  reduced  through  vehicle  articulation. 

There  is  a  trend  on  off-road  vehicles  on 
large  tires,  such  as  the  GCEl’s  and  the  amphibious 
4*4  iARCs  [USMC,  1964],  toward  elimination  of  the 
suspension  altogether,  which  further  enhances  the 
relat4ve  tracked  vehicle  ride  advantage.  Despite 
the  cushioning  effect  of  the  tires,  elimination  of 
ail  other  suspension  results  iu  a  very  poor  ride 
in  rough  terrain,  Wham  the  rigid  axle  design  is 
coupled  with  a  very  short  wheelbase,  aa  on  tbm 
Canadian  tiaber-working  vehicles,  the  off-road 
ride  can  be  incredibly  bad.  Even  on  the  road, 
speeds  o i  large-tired,  unsuspended  4x4#s  are 
limited  to  about  30  mph  by  resonant  bouncing  oa 
their  tires. 

Conventional  tracked  vehicles  arm  skid  s tee rod t 
white  isposes  distinct  limitations  upon  their 
overall  proportions  and  in  some  casas  a  practical 
lower  limit  to  *UG?.  A  simple  example  of  some  of 
the  detailed  relationships  wnich  exist  is  shown  in 


Figures  14  (a,  b,  and  c) .  Ccnilder  a  conventional 
tracked  vehicle  with  a  gross  weight  of  100,000 
pounds.  Lven  if  a  naxir.ua  width  of  12  frat  can  be 
accepted,  the  selection  of  dimensions  for  the 
track  is  already  Halted  to  the  area  shown  in 
figure  l'a.  Stld-steerm*  considerations  dictate 
that  :ha  Icngth-to*trtad  ratio  ;L/T)  should  lie 
between  1.2  and  l.f  { uf.  Steeds,  1943,  19S0]. 
Current  military  practice  favors  a  value  between 
1.4  and  1.6.  Bridge  crossing  limitations  dictate 
that  the  length  of  track  on  the  ground  should  not 
be  iess  than  124  inches,  and,  out  of  consideration 
for  the  paveaent,  on-road  nominal  unit  ground 
pressure  should  be  Halted  Co  12. S  psi  (AJ*%  1962). 
It  is  clear  that  the  two  primary  considerations , 
gross  weight  and  aaxir-um  width,  through  their 
interrelations  with  others,  specified  and  not, 
have  combined  to  limit  severely  the  designer's 
freedom  of  choice  in  the  shepe  of  the  vehicle.  It 
is  also  clear  that  had  It  been  specified  that  the 
maximum  UUCP  should  be  3  psi,  ihis  would  have 
fallen  outside  the  feasibility  "window." 

Figure  14b  shows  how  the  window  would  diminish 
if  the  maxisua  width  were  seduced  to  10  feet.  In 
this  case,  minimus  feasible  HUG?  weald  be  6  psi. 
Figure  14c  illustrates  the  effects  of  reducing  the 
gross  vehicle  weight  while  holding  the  aaximua 
width  to  10  feet.  Figure  IS  surmarises  the 
feasibility  windows  for  ccnventionsl  tricked 
vehicles  in  terms  of  overall  width  required  for 
any  CVW  to  achieve  2  pal  or  12. S  psi  fPJCP  with  L/T 
ratios  of  1.2  and  1.1. 

Skid  steering  is  also  occasionally  used  on 
wheeled  vehicles,  as  or.  the  small  Caaadlan  6x6 
Jiger  (Blsrhoff,  1964;  ATAC,  1964),  the  unsuccess- 
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Fif.  14.  SiuMteered  tracked  atSicfc  t4viakw*f$ 


t u 1  British  T,V.  1CJ0  6x6  Rhino  (Ogorkiewic;, , 

1962  ),  the  recently  proposed  i««ll  8xS  TILCAR 
[4mor,  Cen-O^t  1906],  and  some  short -coup ledf 
ru bber-tirea  construction  tractors.  For  successful 
operation,  however,  L/T  limits  are  even  lower  than 
on  tricked  venicles,  1,25  being  i  practical  upper 
limit  { Ad  ms  f  1958].  The  problems  with  proportions, 
maximum  utilirati  n  of  the  pl«nfora  .*  *or  ground 
contact,  and  ride  *hich  have  been  discussed  in 
relation  to  skid-steered  tracked  vehicles  are 
accordingly  compounded  in  skid-steered  wheeled 
machines . 

The  advantages  of  vehicle  articulation  as  an 
alternate  reans  of  steering,  cn  both  tracked  and 
wheeled  vehicles,  were  treated  earlier.  There  is 
a  third  alternative  cn  tracked  vehicles,  akin  to 
the  normal  geometric  steering  of  wheeled  vehicles. 

Steering  (down  to  a  radius  of  approximately  two 

vehicle  lengths)  by  track  warping  or  "track 

snaking*'  has  been  successfully  applied  to  several  small  , 

light,  narrow-tracked  vehicles  [of.  Little,  1964].  Adoption 

of  this  mode  of  steering  does  not  free  the  design 

from  basic  L/T  limitations,  however,  and  does  not 

appear  applicable  to  larger,  heavier  vehicles. 

Ita  main  advantage  is  that  it  provides  smoother, 
more  stable,  high-speed  on -road  control. 

From  the  viewpoint  of  first  cost,  tracked 
vehicles  are  essentially  competitive  with  off-road 
machines  on  tires,  especially  when  either  is 
compared  to  helicopters  at  {SO  per  pound,  or  fixed 
wing  aircraft  at  $20  per  pound  [Reiger  and  Rubin, 

1963].  Costs  range  from  approximately  8S4  per 
pound  for  the  large  commercial  production 
construction  tractors,  and  approximately  $1  per 
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pound  for  the  high  production  *113  (Cgorkitwicx , 
1564),  to  approximately  It. 10  per  pound  for  tanks 
•»d  lew  production,  special  purpose  commercial 
•acMnea  [  ‘'gorkiewict ,  2963,  176SJ.  In  comparison 
high  performance,  off-road  mllittrr  truck*  rue 
Sl*$1.25  per  pound  in  production  (Jones  and  Lett, 
’9031,  and  may  ran**  to  over  12  psr  pound  for 

highly  sophist icated,  low  production  machines  *jch 
•t  the  aephibious  Alri*  Stalwart  3-ton  6x6.  Pro- 
duction  cost*  for  CCEK  vehicles  were  estlmat td  in 
1963  [Retger  and  *ubin)  to  few  in  the  ordtr  of  12  per 
pound.  These  overall  "per  pound"  figure*  are 
directly  comparable  in  light  of  the  fact,  already 
dlacussed,  that  the  weight  of  each  trpe  of  vehicle 

ia  essentially  the  same  when  the  off-road  perform¬ 
ance  is  approximately  the  suae  (see,  for  example, 
VKLA,  1965). 

Such  composite  coat  figures,  of  course,  mask 
many  detailed  differences.  Important  differencaa 
may  be  found,  for  example,  ia  the  weight,  complexity, 
end  hence  cost,  of  the  drive  train.  Needless  to  say, 
any  off-road  vehicles  on  wheels  must  have  all-wheel 
drive.  Thus  there  is  considerable  drive  line 
complexity  involved  ia  such  multiwheel  configu¬ 
rations  as  the  currently  fashionable  fxi»  In  a 
conventional  tracked  vehicle,  all  wheels  are 
driven  (through  the  medium  of  the  track)  but  the 
power  ia  supplied  only  to  one  sprocket  on  each 
side.  This  makes  for  a  basically  aimolt  power 
train  layout.  Moreover,  the  driven  ''wheel"  (the 
sprocket)  is  unsprung,  which  simplifies  matters 
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ervn  further.  *M1»  articulated  tracked  rthirlsj  ft 

(which  rust  hare  all-tr*wk  irir*)  lare  Ira  drirS’-f 

four  sprockitii  the  basic  cowlesity  is  still  caiv 

that  of  the  drive  of  •  jrod  4*4  .'ehicle.  As 

against  this*  in  a  coarcnticnei  tracked  reticle, 

special  transmission  arrs^gtmnts  «ust  b»  iiua  to  ft 

provide  fcT  effcctire  %zd  of ficitnt  stc«r;^|  [ if* 

Cbristenita,  1953J*  and  in  both  conventional  «*d 

articulated  vehicles*  a  transmission  which  can  te 

shifted  without  loss  of  headway  is  highly  desirable, 

if  not  essential  (Liston  io4  Kanssarto,  l?6b],  became  • 

of  the  intrinsically  hijh  rcllinf  resistance  of 

tracked  vehicles  even  cn  hard  grouind. 

The  higher  hard  surface  rolling  resistance 
of  tracked  vehicles  also  Mans  that*  for  ths  sm  ^ 

spaed  as  a  comparable  wattled  aachine*  son  power 
is  required.  Speeds  off-rota,  however*  are 
generally  tract ioa  or  ride  limited  in  both  types* 
and  the  installed  power  per  tor  of  fross  weight 

turns  out  to  be  about  the  sane  (1S-25  KP/T)  for  ^ 

off-road  trucks  and  for  tracked  vehicles#  The 
penalty  accepted  is  thtt  the  tracked  vehicle  will 
have  a  lower  top  highway  speed. 

Maxine  on-road  speeds  of  tracked  vehicles 
art  limited  by  practical  considerations  of  wear*  ft 

controllability*  aad  road  damage  to  approximately 
30-40  sph#  ihe  Imd  speed  record  for  tracked 
vehicles  nay  be  held  by  C,  W,  Wilson*  who  ia  1944 
tested  the  T70  76mn  run  xotor  carriage  (which* 

detuned*  late?  became  the  M113)  at  70  nph,*  He  ft 

reports  it  vms  a  hairy  experience,  Needless  to 

"Christie  erperlseital  t mats  are  reported 
to  have  rea  at  higher  soeeda  (Carlisle*  l?6t}* 

bet  It  i««as  probable  that  such  real  vsre  made  ft 

with  the  ti'icki  removed. 
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say,  iron  the  viewpoint  of  ca-resd  speed,  •  coiomr , 

tad  wear  cad  toor  on  the  vehicle  (cad  oa  the  road), 

the  tracked  vehicle  la  la  no  »if  coapetitive  with  ® 

a  good  vehicle  oa  tires. 

Converting  installed  groa<>  horsepower  a^d 
naxiaua  speed  to  an  equivalent  threat  for  •  larjt 

nuaber  of  vehlclaa  cf  various  kinds  gives  an  9 

ihnU  offoottto  drag  ratio  (1#/V)  of  0.07-0.1 
■  for  ataadard  tracked  vohlcloa  as  against  0.03*0.4 

*  for  all -whee 1 -drive  trucks,  and  0. OS-0.13  for 

araored  ears  (TM  9-2*00,  1943,  1947,  1953; 

Neville ,  1956  ;  Ordnance  School,  1934;  TM  9-SCO,  19*2;  » 

Cleare,  19*3;  Cgorklevicz,  19*S).  The  saae  figure  (Jt#/M) 

for  current  low  ground  pressure  articulated 

vehicles  appears  to  be  about  0.11.  It  Is  not 

known  at  this  acaent  whether  the  increaent  Is  an 

intrinsic  cost  of  articulation,  and/or  of  • 

i  exceedingly  low  ground  pressures,  or  were ly  repre¬ 

sents  lack  of  sophistication  la  detail  design. 

For  cospsrison,  *#/W  for  current  skirted  GEM's 
ranges  froa  0.40  for  snail  Machines  to  about  0.1S 

for  those  grossing  150  tons  or  no re  [Honoring  • 

Croft  4  Mgdrofoil,  Jun-Jul  19*6). 

The  effective  drag  ratio  (kt/W)  converts  ail 
1  losses  between  the  advertised  horsepower  of  the 

engine  and  the  ultinate  top  speed  of  the  vehicle 

on  a  level  paveaent  to  a  single  index.  Actually »  ® 

accessory  loads  on  the  engine  (cooling  fans, 

generators,  puaps,  etc.)  absorb  about  15*29  per* 

cent  of  gross  horsepower  of  conventional  eagines, 

sad  transaissioa  and  drive  line  Inefficiencies 

reduce  power  available  at  the  wheels  or  sprockets 

by  another  20*39  percent  (Clear*,  19*3). 
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Power  at  the  sprockets  or  wheel*  mis t  cvarcoa*  ® 

the  Koticn  resistance*  of  the  venicle  beyond  this  ^ 

point.  These  Include  further  mechanical  losses 
within  tKe  track  mtea  or  tire,  and  titf mil 
»o;ion  resistances.  On  a  hard  surface  these 
arise  IsrccJy  fro*  scrubbing  losses  in  the  contact 
area,  grides,  towed  loads,  and,  at  speeds  above 
30-40  Rpht  air  resistance.  Cff-road,  the  infernal 
•otion  resistance  of  tracked  vehicles  is  increased 

by  the  ingestion  of  soils,  snow,  mud,  vegetation,  ^ 

what  have  you,  into  the  exposed  working  perts  of 

the  track  system;  and  both  wheeled  and  tracked 

vehicle*  encounter  resistance  fro*  the  flow  and 

nonelastic  yielding  o*  the  supporting  surfaces, 

and  frea  grades  ani  smaller  obstacles  which  eust  ^ 

be  surmounted  or  overridden. 


Tests  have  shown  that  the  towing  resistance 
of  trucks  on  a  hard  level  pavement  is  of  the  order 
of  0,01-0.01S,#  while  that  of  tanks  is  0.04-0.05 
(APG,  194$),  of  which  60-7C  percent  it  mechanical 
losses  within  the  track,  sprockat,  and  guiding 
system  [Clears,  1963).  Little  quotes  track  losses 
at  road  loads  on  a  level  pavement  ms  being  approxi¬ 
mately  twice  those  of  wheel  drive  losses  at  20  mph, 
three  times  at  30  mph  [1964),  and  as  tripling  under 
maximum  tractive  loads  [1961].  Foad  toad  losses 
in  a  tracked  vehicle  are  reduced  by  the  adoption 
of  rear  sprocket  drive,  large  road  wheels,  and  a 
design  allowing  the  use  of  a  relatively  slack 
track  [Clear*,  1963;  Little,  1964). 


•Fitting  eroas-coentry  tirea  ia  place  of 
hlghvay  tW«  la  reported  to  laereaae  the  os-r©a4 
rolling  reaistaace  of  a  track  by  5-15  perceet 
(tree tovnikov,  1958). 
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The  offroad  speeds  of  currant  vehicles  are 
generally  nde*  or  traction  Halted,  rarely  power 
Halted,  Also,  in  weak  soils,  the  incrcaent  in 
motion  resistance  is  large  m  relation  to  road 

load  resistances  (larte  grades  are  more  often 
encountered,  etc,),  so  that  the  percentally  lirre 
advantages  of  wheeled  vehicles  over  tracked 

vehicles  on  hard  level  roads  are  not  reflected  in 
significant  off-road  speed  differences  between 

comparable  tracked  and  wheeled  vehicles.  riesre 
has  estimated  that  general  cross-country  operation 
of  a  tank  involves  the  same  average  power  expenditure 
as  continuously  climbing  a  10-percent  grad-,  which 
is  the  same  as  saying  that  the  average  fnoremee* 
of  Re/K  is  about  0.10.  He  also  quotes  field  test 
results  on  tanks  indicating  that  the  increment  for 
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a  tracked  vehicle  operating  in  level  sand  is  of 
the  order  of  0.10:  in  mud,  0.17;  and,  at  the  point 
of  bellying-out  in  weak  soil,  0.6S  (1963), 

It  is  in  the  area  of  operating  costs  and 
operating  problems  that  the  tracked  vehicle  is 
moat  a:  a  disadvantage,  especially  when  it  is  used 
largely  in  relatively  favorable  conditions.  The 
Hydto  Electric  Power  Commission  of  Ontario  found 


'Uiir,  la  l?kk,  eaueiatei  aa  am  objective 
of  task  suspension  design  to  allow  a  tank  to 
negotiate  12-lnch  sluuenidal  roughness  at  30  apb, 
aad  a  single  16-inch  high  obstacle  at  35  *ph. 

These  objectives  have  ret  to  be  achieved. 
Considerable  attention  being  devoted  to  off-road 
vehicle  ride  in  rough  terrain  baa  the  general  goal 
of  increasing  average  maximum  practical  speeda 
from  the  order  of  5-10  apt,  or  la  extreme  cases 
aa  little  as  1  apb,  to  such  speeds.  It  la  inter* 
eating  to  note  that  the  "crosa-country *  racing 
speed  of  horses  and  riders  ia  the  Grand  fatiooal 
Steeplechase  is  approximately  2k  mph.  (flat  cowrie 
horse  racing  speeds  are  of  the  order  of  36  mph.) 
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that  hv  switching  f rcn  lew  production,  commercial, 
low  ground  pressure  tracked  vehicle*  to  an 
adaptation  of  the  Canadian  4x4  nulnwoud  machine* 
for  rifht-of-wav  •amterance.  overall  costs  were 
^educed  hv  20  percent  (Campbell,  J9uSl.  Certainly 
fuel  consumption  is  temewhit  hieber  by  virtue  or 
the  generally  treater  motion  resistance.  Clear* 

(1963)  quotes  on-road  fuel  consumption  for 
gasoline  pov^red,  tracted  vehicles  as  13  ton/ail e 
per  gallon  as  contrasted  to  60  ton/milc  per  tallon 
for  wheeled  vehie'e*.  In  average  off-road  conditions, 
the  comparison  would  he  more  of  the  order  of  10  ton/rile 
p*r  gallon  for  tracked  vehicles  and  perhaps  20  lon/mile 
r *T  gallon  for  wheeled  vehicles.  Prcsurablv  this 
general  order  of  relationship  would  hold  for 
completely  comparable  tracked  and  wheeled  vehicles. 

When  tested  against  a  difficult  off-road  terrain, 
the  situation  is  a  little  different.  In  a  study  of 
ground  effect  machine*  for  possible  Army  use, 

Boot-Alien  ( 1 963 J  calculated  the  following  overall 
operating  costs  per  one-way  ton-mile  in  an  assumed 
traverse  of  a  mixturo  of  difficult  hut  not  extreme 
terrain  conditions: 


Tracked  RN-110  614  per  ton-mile 

S-ton  standard  6x6  95e  per  ton-mile 

5-ton  GOER  4x1  534  per  ton-mle 

Abele  (1965)  quotes  Greenland  tractor  train  operation 

as  $1-50  per  ton-mile.  All  of  these  compare  favorably 
with  various  air-assisted  or  airborne  craft  for 
cross-country  work  as  follows  [Boo^-Allen*  1963] t 


Pure  ground  effect  machines 

Chinee k  helicopter 

A.  V.  Poe  Gemini  (4x4  with 
optional  air  support) 


48.86  per  ton-mile 
43.61  per  ton-mile 

42.69  per  toa-milc 


Optimum  wheeled  vehicle 
with  air  cusnion  assist 


$1.12  per  ton-mile 
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For  seme  perspective  onW,  long-hgul  its t  freight  ^osti 
in  1963  were  only  JO.C*  direct  cost  per  available 
ton-eile  ( tvo-viy)  [fU,  i;&4). 

The  largest  eret  of  deficit  for  tracked  vehicles 
is  in  durability  and  maintenance.  The  life  of  a  well- 
desizned  military  track  is  currently  of  the  order  of 
3,000  to  5,000  ailc».,  anu  if  used  on  the  hifhway*  wttft 
road  pads,  the  latter  mist  be  replaced  at  l,ono*  to  2,000- 
cile  intervals.  Trick  replacement  costs  alone  on  the  M60 
run  to  $2  per  mile;  on  the  M113,  $64  per  mile.  Ontario- 
llydro  experience  with  small  end  medium  commercial,  low 
around  pressure  tracklayers  in  ritht-of-vav  seme# 
was  that  their  naintenai.ee  costs  were  S5-S7  per 
hour  cf  operation  and  totaled  one-third  of  vehicle 
cost  per  year.  Overall  vehicle  maintenance 
costs  were  reduced  75  percent  by  the  change  to 
articulated  4x4  machines  for  the  same  duty 
[Campbell ,  1965] . 

The  maintenance  disadvantage  of  tracked 
vehicles  is  fundamental.  The  track  is  a  highly 
stressed  chain  operating  exposed  in  a  hostile 
environment.  Most  cf  the  excess  of  power  expended 
in  a  tracked  vehicle  as  comnared  to  a  wheeled 
vehicle  goes  to  grinding  away  this  chain  and  its 
support  system.  Only  partly  mitigating  this  are 
the  facts  that  tracked  vehicles  ere  generally 
expected  to  take  rougher  treatment  t Kan  wheeled 
vehicles,  and  that  they  get  it. 

The  question  of  wheels  versus  tracks  is  far 
from  clear  cut.  If  it  were  not,  constant  studv 
of  the  question  would  of  course  be  at  am  end* 

Although  comparisons  of  current  tracked  and  wheeled 
vehicles  confirm  that  in  the  limiting  off-road 
conditions  tracked  vehicles  perform  better  (Depkin, 
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|  1964],  there  is  fir  tore  th.it  cm  still  ve  den* 

|  witr.  '--.efifd  vcSiclc*  [cf.  V^M,  190S1.  Th* 

ul  t  I*if  e  of  aobilitv  in  a  gwtn  pacha^s 

will,  ):wev»rt  Ve  c^tfiir.fd  frr*  a  trictro  veuic**. 

'  Accord  i  r  e  1  v .  it  oehouves  to  «ii  possible 

I  weefcanfral  aesns  to  iaprcve  the  ecoroey  and 

*  reliability  of  tries  syr.teas.  ^uch  »»y  yet  he 

possible,  as  Little  has  rointed  out  (1364}* 

In  the  final  analysis  there  can  be  no  genera! 
solution.  The  job  requir^sient s ,  the  level  of 
performance  required,  converted  to  proper  testable 
specifications,  will  dictate  the  choice.  No 
arbitrary  weighting  (cf.  Lucas,  1961)  can  do  so. 

The  choice  should  be  left  to  the  vehicle  engineers* 

'  And  t  is  questionable  whether  when,  is  now, 

we  are  fighting  a  left-handed  war,  we  have  the 
•oral  right  to  let  cost  enter  materially  into 
considertt Ions  of  how  to  equip  ca  *'  combat  troops. 

i 

In  an  editorial  of  26  June  1966,  the  few  fork  Tim** 
seconded  Congressional  action  which  rejected  cost/ 
effectiveness  as  a  consideration  in  trsffic  safety, 

j  where  hu*an  lives  are  at  stake.  At  our  present 

Juncture,  with  less  than  0.2  percent  of  our 
population  actively  iaperilec  in  a  shooting  war, 
the  same  ethic  should  prevail.  Once  actual  dollar 
costs  are  removed  from  the  wheeled-versus-trackcU 
problea,  it  does  in  fact  become  resolved,  for 

J  areas  like  Vietnam,  in  favor  of  tricked  vehicles. 

i 
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Er-j rjrcr.e  knows  whtt  s  tank  is.  A  i xak  is  a  tui  killer 
(DeMont ,  1'fcSJ,  •  tar.k  is  a  weopoa  (Scherrer,  1964),  a 
weapon  system  [Shlovltz,  15*4 ),  not  a  vehicle.  Today's 
■ain  battle  tank  is  a  collection  of  acre  than  173,030 
parts  [Snider,  1364J,  costint  nearly  or.e-quarter 
ailllon  dollars  [Cforkievlct ,  196S],  capable  of 
accurately  dlscharting  approximately  one-two  tons 
of  projectiles  upon  line -of -sight  targets  up  to  a 
•lie  and  a  half  sway,  within  a  period  of  about 
eight  ainutes.  It  Is  ax  inport ant  itea  of  export 
trad#  tor  the  United  Kingdom  (Ogorkievicz,  1962,  1961], 
Prance  (Ogorkiewicz,  1966],  and  the  Uaited  States  (Besses, 
196S;  Shioritx,  1966].  Tha  affective  design  of  a 
tank  is  a  major  exarcisa  ia  systems  analysis  and 
safineering. 

Tha  first  tanks  to  san  battle  were  the 
British  Mark  X's,  oo  tha  Beaten  Front  at  Sommaa 
ia  1916.  One -half  hour  before  dawn  aa  IS  September, 

49  of  the  unfledged  and  trigalalr  beasts  began 

lumbering  into  position  to  support  aa  otherwise 

ordinary  infantry  attack  proceaad  by  tho  uscai 

rolling  barrage.  Thirty-two  reached  tbair  assigMd 

positions  aa  dan  broke  and  tha  attack  began.  Cf 

theta.  It  actively  took  part  ia  tha  battla  aad 

passad  tha  trench  liaaa  to  first  success,  9  broke  da*,  and 

S  ditched  [Billinas -Fills  aad  Williams -Ellis.  1919].  These 

primitive  machines  lacked  both  reliability  sad, 

ia  many  situations  aad  respects,  nobility.  These 

Coo  problems  still  dog  modem  tanks . 

Ia  tha  creation  of  tha  Mark  I,  tha  designers 
oar*  for  tha  first  tiae,  aad  perhaps  for  tha  last 
tins  as  vail,  given  c sir,  quantitative,  fmctieaai 
apod  fieri  loss,  aad  a  bate  minimum  of  constraints . 
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The  naciur.e  wu  intended  to  provide  aooile  fire* 
power  and  amor  protection  cgsintt  the  eachiae 
guns  which,  behind  barbed  wire  and  trenches,  had 
produced  the  gory  stalenate  on  the  Western  Front. 

The  aobilitr  required  vat  dotornntd  by  a  tiudif 
of  the  job  to  b*  dent.  As  a  result  of  the  study 
it  was  specified  that  the  aachine  be  able  to  cliab  e 
4 -foot -6- inch  parapet  and  to  cross  n  S -f oot 
(shortly  raised  to  10*foot)  trench.  The  first 
response*  to  these  requirenents  were  concepts  on 
large  wh?r  s  --  up  to  60  feet  In  dinneter. 

Although  the  ridiculousness  of  such  wheels  on  the 
battlefield  was  soon  apparent,  the  final  nachiue 
on  tracks  consciously  presarred  the  wheel  fora 
(Stem,  1919;  tilliaas-Ellis  and  Hilllaas-Ellis,  1919]. 

As  noted  ia  the  ictrodaction,  tank  design  had 
by  1929  be  com  far  wore  frustrating,  ia  large  part 
because  the  job  to  be  dots*  by  a  tank  could  by  then 
ao  longer  bo  clesrly  specified  (OCX  Itea  7114, 

1929].  la  the  3 7  years  since,  tanks  bar*  been 
designed  ia  accordance  with  a  wide  variety  of 
■sission  aad  opereticael  coacapts ,  with  large  differences 
ig  sraaaeat,  nobility  aad  level  of  amor 
protection  [of.  Carver,  1966).  Today  there  are  fewer 
classes  of  tasks  sad  there  \»  less  difference 
between  the  capabilities  of  the  tanks  of  each 
country  (Lynda.  19S?],  as  is  perhaps  to  be 
szpected,  since  all  designers  have  faced  the  s*m 
general  p rob leas  (Icks,  1961]  and  solved  then 
within  essentially  the  sane  technoiegical  con¬ 
straints.  However,  the  question  of  the  optima 
design  prieritiea  or  balance  between  conflicting 
desires  fer  firepower,  nobility,  and  protection, 
with  .oiiability  always  give*  e  high  priority, 
remains. 


o. 


The  J  cb  of  a  preseat  day  tuk  it  variously 
described.  TSe  consensus  appears  to  it*  that  Its 
rola  la  to  provide  a  mooile  source  of  41r«ct  fir* 
support  for  u*a  against  battlofieid  ttrgett  within 
visual  ran^e.  The  most  formidable  such  target  is 
another  tank,  lie  ace  t  ink -versus -tank  action,  today 
at  rinses  uu  to  tort  than  2300  yards,  becomes  a 
major  design  cons  ice  rat  ion  [Cjork tevict,  1963,  19*6, 
196$;  DeMoat ,  136SJ.  A n  A  rmr  Material  Coast  and 
apokesaao  has  been  quoted  to  the  effect  that  ia  the 
design  of  the  new  main  battle  tank  for  the  1970's 
(HIT -70)  now  under  joint  V.  S.  and  test  Cera  an 
development  (Wesson,  196S;  Vonce,  196$],  the  object 
was  to  obtain  "the  most  tank  that  will  defeat  kaown 
an e ary  tanka  m  the  future  battlefield,  at  the  least 
cost"  [Batson,  1966).  Up  t*  "he  near  present,  tank- 
versus -tank  combat  appears  k.  •  have  favored  fitting  the 
conventional ,  high  pressure  tube  gun  (lOSaa  or 
120an  on  current  naia  battle  tanks),  which  can  be 
rapidly  laid  on  targets  of  opportunity  and  can 
di-^atch  l-ll  rounds  per  ninute  (depending  o» 
caliber  and  loading  scheme)  with  deadly  accuracy 
and  high  panatratiag  power  [Parker,  196$;  von  tJslar- 
Cleichen,  196S]  even  agaiust  double  skin  designs 
which  may  frustrate  lower  speed  missiles  which 
depend  upon  a  shaped  charge  for  penetration 
(Moore,  1966). 

Thera  is  no  unanimity  as  to  the  work  of  • 
tank,  however.  Another  viewpoint  proposes  that 
its  role  should  be  entirely  offensive,  to  destroy 
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of  tS*  tank  should  therefore  not  be  compromised 
by  :i’.i-ytriui*(ir.t  couidersti';-! .  The  casign 
shot  Id  rather  stress  speed,  aooility,  agllltv, 
and  rir.i*.  2y  implication,  this  viewpoint  tjrr.s 
t ha  job  of  daf«a»i3|  tntr;  tanka  over  to 
das t rovers , **  which  are  generally  mobile  and 
tacticallv  agile,  heavilf  arued,  lightly  armcrai, 

•ad  without  turrati.  Although  both  the  U.  5.  and 
tht  Carman  armta*  had  great  aucce??  *ith  tizL 
destroyers  in  WWII  (Colar ,  1965;  Louis,  1965; 
von  Uslar-Gleichen,  1965  |,  tha  lilted  Stata*  abandoned 
tha  tank  destroyer  concept  in  1945  (Louis,  196$]. 

At  present  tha  thinking  of  tha  east  German  army 
(von  Lis lar*rieichen,  1965]  and  perhsms  of  tha 
French  army  as  mall  (Ebert,  1964]  appears  to  favcr 
development  of  nodarn  ground-crawling  tank 
destroyers;  while  in  this  country,  and  perhaps  ia 
Great  Britain,  attention  may  be  turning  to  mitslle- 
armed  helicopters  for  such  a  role  (tiolladay,  1965; 

Ths  Enginttr,  ZS  Jun  1965], 

While  thus  far  generally  classed  as  a  tark, 
bacause  it  appears  iaten>ied  to  face  it  out  with 
other  tanka  rather  than  to  hit  and  run,  the  low, 
turret  lass  Swedish  **S"  tank  (Ogorkiewicz ,  1964, 

196$;  Barclay,  1965;  Skolfnan,  1966;  Icks,  1966) 
hac  many  jf  the  characteristics  of  a  tank  destroyer, 
and  may  perhaps  betrar  be  classed  as  a  hybrid. 

Although  this  nay  only  be  an  exarcise  in  semantics, 
it  illustrttas  that  the  lines  of  division  between 
tanks,  tank  deatroyers,  and  gun  carriages  are 
indistinct,  and  will  become  still  sore  blurred 
if,  in  the  future,  further  sacrifices  ia  armor 
•re  used  to  improve  mobility  rather  tham  fire* 
p«v»r. 
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In  any  t ink  design,  :ve  veljht  and  ipace 
rtfqox  riwn  ts  fsr  firepower,  mobility,  and  *r»or 
protect;?*  are  oOviouslr  in  conflict  with  each 
other,  and  with  cost,  overall  dimensional  limits, 
and  reliability  as  well.  M  an  illustration  of 
one  facet  of  the  problem,  Table  VII  presents  tke 
allocation  of  weights  to  various  functions  f^r 
three  U.  S.  tanks  of  the  recent  past. 

The  various  primary  elements  cf  a  tank  design, 
its  gross  woight,  its  gun,  its  level  cf  irtor 
protection,  its  NUGF  and  speed,  and  its  dimensional 
envelope,  are  so  close1/  interlocked  In  the  con¬ 
ventional  for*  of  rank  that  immediately  one  or 
another  is  fixed,  those  remaining  begin  to  be 
seriously  constrained.  Butterfield  hos  put  it 
that  after  an  early  point  the  tank  "designs 
itself,"  particularly  as  regards  to  its  off-road 
mobility  potential  {1966}.  Accordingly,  radically 
new  levels  of  performance  can  only  be  achieved  by 
radical  changes  in  design  balance  and/or  in  form 
and  concept  (DeMont,  1965). 

Firepower  is  reflected  by  the  site  of  gun 
mounted,  its  accuracy,  its  rate  of  fire,  and  the 
quantity  of  ammunition  carried.  The  120mm  gun 
used  on  the  Sl-ton  British  Chieftain  weighs  over 
6000  pounds.  Its  two-part  ammunition,  of  which  it 
probably  carries  about  60  rounds,  weighs  100 
pounds  per  load  and  can  be  fired  at  the  rate  of 
8  rounds  per  minute  {Ogorkiewicr ,  1962,  1963,  1964}. 
Thus,  for  this  tank,  the  gun  and  actuation  alone 
and  unarmored,  unmounted,  weigh  6  tons. 

Firing  a  high  pressure  tube  gun  of  thia 
site  develops  trunnion  reaction  forces  of  the 
order  of  75  tons  (Ogorkiewicx e  1962;  DeMont,  1965}, 
which  cannot  reasonably  be  managed  by  a  lightweight 
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TABLE  VII 


sampif.  vLirrT  mAirr^vNS 

(APC,  13*S;  Novi  lie ,  1956) 


M4A1 

134S 

HZ4 

1941 

V4IA1 

13iS 

CV¥  (T) 

33.  S 

20.3 

S2.9 

HP/T 

10.  s 

10.1 

IS. 6 

NUGP  (psi) 

13. S 

10. S 

11.1 

Cun  (sta) 

7S 

7S 

90 

Hull 

21.9 

:s.6 

29.4 

Arr*or  •  401 

Turret 

12.4 

10.9 

13.9 

(and  structure) 

Power  Plant  5 
Power  Train 

14.7 

14.7 

12.  t 

Suspension 

12.2 

16.9 

14.3 

Mobility  •  401 

Tracks 

S.9 

9 .5 

9.0 

Fuel  1  Tanks 

2.4  | 

2.S 

2.4 

Guns,  coi*>. 

S.S 

S.l 

S.2 

i 

Anno  (  Racks  < 

S.O  ! 

5.2 

S.O 

Firepower  •  131 

Electrical 

1  * 

4p  » 

l.S 

2.0 

Personnel, 
Stowage,  etc 

7.S 

7.S 

6.0 

Misc.  •  71 

100.0 

100.0 

100.0 
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vehicle  in  *ny  cvtnt,  All  of  which  sirply 
illjstrxtc*  that  codern  t&nk  firtpcwer  is  cnstiy 
in  ter-s  of  weight  (as  vail  as  dollars). 

That  arsor  r«  also  costs  weight  (and 
space)  needs  still  less  dcworut  rat  ion.  The  weij.t 
of  amor  is  a  direct  f  vnc;*cn  of  tha  voluw  cf  the 
tank's  armored  spaces*  cn~*  with  armor  districted 
in  about  the  normal  fashion*  is  apprcxiaste ly 
4S/t  pounds  per  cubic  foot*  where  t  •  the  basic 
maximum  steel  trior  thickness*  in  inches*  of  the 
tank  as  a  whole  [Novil!e<  19  561.  The  use  of 
aluminum  armor,  a%  on  the  MI13  and  the  hull 

of  the  new  XMSS1  Sheridan  a i r* t ransportable 
reconnaissance  tank  (Simpson,  196SJ,  saves 

only  about  6  percent  in  weight,  for  the  same  level 
of  protection  against  direct  fire  (Ogorkiewicx , 

1962].  The  volume  armored  in  a  given  tank  is  the 
sum  of  volumes  required  to  enclose  its  main  end 
any  auxiliary  weapon  systems  --  aiming  and  control 
mechanisms,  loading  arrangements,  ammunition,  and 
crew  to  operate  it  all  --  and  its  mobility 
))\>tea  --  power  plant,  power  tram,  fuel,  and 
driver(«).  This  is  one  important  reason  that 
current  tank  engine  developments  stress  high 
output  per  unit  of  installed  volume  and  low  fuel 
consumption  even  more  than  high  output  per  unit 
of  installed  weight  (Lux,  1964;  Butterfield,  1966; 

Williams,  1966  ] .  Trade-offs  are  possible  at  this 

level  elso,  between  space  and  fuel  consumption, 

as  on  the  Swedish  MS"  tank.  This  machine  has  a 

duel  power  plant  consisting  of  an  efficient  240~K? 

diesel  for  general  use  and  e  compact  hut 

relatively  Mgh  consumption  300-KP  simple  gss  turbine 

to  supply  peak  powers  (Ogorkierwicx,  1966;  Krocogard,  1966), 

which  in  the  presumed  battlefield  day"  nty  only 


be  required  about  one -quarter  of  the  time  Mayter  tad 
Gllrydas ,  1964).  Similar  considerations  dictate 
that  t ha  crew  ba  kept  to  a  minimum,  because  each 
aaa  require!  SS-7S  cubic  feat  of  living  spacm, 
depending  on  his  function  (Moville,  19S6], 

Thm  value  of  armor  protaction  is  fvne.eily 
conceded  to  ba  snail  against  wall  directed  lOSana 
and  120m  funs  as  now  carried  am  main  battle 
tanks,  which  can  penetrate  IS  inch# a  of  steel 
anaor  at  S00  yards  if  a  hit  strikes  it  squarely 
ticks,  1964],  and  against  well  placed  hits  by 
modern  Bisslles  (Holladay,  196SJ.  Veil  and 
properly  shaped  armored  holla  and  turrets,  which 
greatly  reduce  the  probability  of  a  90-defree  hit, 
mitigate  this  significantly.  The  Russians  appear 
to  do  a  particularly  effective  job  in  this  regard 
(Miller,  196S ] ,  at  the  expense,  in  their  turrets, 
of  Uniting  possible  gun  elevstion  end  depression 
to  values  not  considered  acceptable  by  western 
designers  {Cgorkiewtcx,  1962].  The  current 
general  trend  in  araoring  appears  to  be  to 
determine  "how  little"  is  needed  (Shiovitt,  1964] 
to  deal  with  fire  froa  specific  types  of 
veapoas  [Parker,  196S]  likely  to  be  encountered 
in  large  nuabars,  rather  than  to  atteapt  complete 
protection  against  either  tank  guns  or  antitank 
aisslloa  la  the  field,  or  to  accept  an  arbitrary 
weight  limit. 

Since  Hiroshima,  armor  has  also  been  con  * 
si dared  for  protection  froa  radiation,  heat,  and 
blast  iu  an  atoadc  battlefield  (Haase,  1961; 

Vance,  196S],  Hoaever,  protection  froa  gamma 
radiation  froa  a  20  kiloton  blast  at  12S  yards 
requires  IS  inches  of  stool  armor  (weighing 
600  pounds  per  square  foot  of  hull  surface); 
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neutycn  orcttctloa  from  t>.e  i im  blut(  33  incies 
(KOO  lb/5q  ft)  [Gray,  1564).  Amor  cm  the  KfcOAl 
reducrs  cxrtsida  rtdiatiou  levels  by  75  percent 
{Parker,  1  ?  6  S  J  which,  while  not  acquit*  protection 
frcn  a  close  blast,  is  apparently  considered 
potentially  useful. 

bhere  does  all  this  leave  eobility?  Seme 
published  coaments  on  ditifs  priorities  over  the 
fears  and  from  country  to  country  are  \  riefly 
summarized  in  Table  /Ill*  According  to  this 
qualitative  and  somewhat  superficial  summary, 
mobility  has  generally  rated  second  priority,  most 
usually  second  to  irsor  protection  prior  to  **Il» 
and  to  firepower  ia  wore  recant  years.  In  a 
previous  section.  Table  IV  illustrated  that  the 
soft •ground-cross ing  nobility  of  Bodies  or  main 
battla  tanks  has  renained  of  the  sane  order  since 
1916;  and  Table  V,  that  it  alto  appears  to  be  of 
the  sane  order  among  ail  of  today's  competitive 
machines.  Sons  additional  indices  of  performance 
potential  are  listed  ia  Table  VIII,  along  with 
main  gun  bore  (at  a  measure  of  firepower),  and 
gross  weight  aad  vehicle  height*  (as  crude  measures  of 
armor  protection).  Insofar  as  the  tabulated 
figures  refer  to  mobility,  they  illustrate  occe 
more  that  it  has  increased  only  narginaily  since 
mi.  Gun  sites  bare  clearly  grown,  while  gross 
Mights  have  stayed  reasonably  stable,  indicating 
that  firepower  has  indeed  taken  precedence  over 
armor  protection  in  recent  years. 

•Low  height  offers  wore  protection  from  a  hit 
by  another  tank  than  does  redeem  length  or  width 
becante  vertical  ranging  errors  nre  relatively 
larger  than  horizontal  laying  errors  ( Cgorklawic 
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Accord  ir.g ly  ,  what  Las  in  fact  been  meant  by 
holding  mooillty  in  second  priority  ottr  the  years 
is  that  the  basic  level  of  mobility  of  tanka  at 
the  close  of  V*II  has  been  generally  accepted  as  a 
practical  mznioua,  with  the  result  nafc  design 
readjustments  to  increase  firepower  have  been 
made  at  the  expense  of  armor  protection  rather 
than  mobility. 

Of  course,  firepower,  mobility,  and  armor 
are  not  truly  separable.  Firepower  and  armor 
require  mobility  for  their  exploitation  [Lrrdc, 
19S9J.  In  recent  articles  on  the  use  of  armor  in 
Vietnam  and  on  the  upcoming  TM5S1  Sheridan,  the 
priorities  have  been  listed  as  mobility,  fire 
power,  and  thook  tfftot*  {Battreall,  1966:'  HeHont, 
1965J.  The  ability  to  employ  the  firepower  of  a 
vehicle-mounted  weapons  system  in  time  and  space, 
•‘to  concentrate,  to  envelop,  to  deny  .  .  .  which 
constitutes  mobility*  is  as  important  as  the 
weight  of  fire  delivered,  even  though  not  as 
readily  quantified  (flice  and  Hatch,  1 966 J  * 

Despite  grim  reports  of  regular  vehicle 
immobilizations  in  Vietnam,  properly  designed 
armored  vehicles  could  play  a  leading  role  there 
{Moore,  1966).  Much  of  the  highlands  is  good  tank 
country  during  the  dry  parts  of  the  year  when  our 
present  tanks  can  operate  without  bogging  [Kaymond, 
196$].  At  present,  however,  the  M113  is  the  back¬ 
bone  of  armored  vehicle  operations,  performing  the 


•The  tern  "shoe*  effect."  appear*  to  be  the 
product  of  firepower  and  motility  aa  suggested 
by  Montgomery,  who  baa  written:  ’’The  power  of  aa 
army  it  its  weapon  pove;  multiplied  by  its 
mobility"  1196$]. 
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job  of  providing  mobile  firepower  which  is  « 
taak’s,  i  lap  If  because  "it  cm  mere , "  sod  because 
i*  spits  of  its  problems  ia  gettlag  tml  of  rivers 
•ad  caaals,  it  cm,  sftsr  s  fashion,  aegotlate  these 
everpresent  water  obstacles  (Sattrwall,  1966; 

Moor*,  196*].  Vehicle -aoua ted  bridfxa*  systems 
designed  to  fir*  tanks  mobility  ia  those  situations 
{Iv*T*  IMS]  hare  thus  far  pro  re  a  a sere  a  p  rob  lea 
ckaa  a  soletiva  (Sattreall,  1!M). 

The  XXS51  She r Idas,  bow  going  into  pro dec tic* 
(0e/e*ee  ImdmMtiy  BmlUtim,  March  1»M],  aay  prove 
to  be  the  main  battle  tank  for  Vietnam.  Details 
oa  this  vehicle  have  not  yet  bee a  released,  hot  it 
is  reported  to  hare  ground  mobility  far  super let 
to  that  of  current  tanks  (Simpsoa,  196S],  to  svia, 
to  weigh  about  16  tons,  to  be  diesel  powered,  with 
aa  aluminum  armor  hull,  and  to  be  armed  with  the 
turret -mounted  Shilleghli  weapons  system  (Defeat, 
1965]  which  is  considered  poteat  eaough  to  replace 
the  lOSum  gun  on  new  M60A1  chassis  sad  to  be 
considered  for  the  sain  arm* meat  of  the  KBT70 
(Watson,  19**1.  Its  bamio  soft-grt-  'd  mobility 
parameters  may  be  estimated  from  the  little  published 
data.  They  appear  to  cospere  farorahly  with  thoee 
of  the  successful  M11JA1.  as  shewm  ia  Table  IX. 
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araad  as* 

ante  r*d .  s» '  ’  4.f,  low  groucJ  prtsiura,  <MinUl«d 

Tabic  la  ( th*  AXTT),  walih  ir-ficata  that  caaaidar* 

*  iy  Hrt  salt -grow**  aootllty  Is  ati’l  arallabl* 
if  saadod.  It  kts  also  6** a  suggastad  racaatl y 
that  harartraft  slight  b*  asoful  as  tanks,  la 
Vlotsaa  u4  alsawhara,  although  tha  scop*  cf 
prvblaaa  which  would  racuir*  loljtloa  is  sab* 
sttatlal  (3aauaoat,  196k]. 

It  Is  avidaot  that  tha  proper  b»2*-ca  ewtwoa* 
Cirapcwor,  aobility,  am or  pratac^iea,  »»d  fans 
la  a  tank  is  a  aattar  fcr  caraful  ijritist  analrsis. 
It  is  also  avidnat,  both  fro*  combo*  sans*  aad 
fro*  th*  published  colloquy,  that  tha  simsa,  tad 
particularly  th*  geographical  araa  la  whica  th* 
■ltsicn  is  to  b*  scccxplishad,  oust  t*  epacifiad. 

A  systaas  aaalysls  deals  with  tha  fusdtacntally 
iopoailbla  task  of  striking  a  balanca  latvaaa 
factors  which  ara  totally  ualika.  This  cam  only 
b*  do*o  npo*  a  llstitaJ.  specified  basis  (Tic*  and 
Hatch,  1999),  aad  araa  tha a  only  apprcxiaataly. 

Tha  rasnlt  of  aay  Such  analysis,  whan  basic 
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terrain  and  eperatinf  conditions  are  at  different 
at  those  of  Furore  and  of  Southeast  Alia,  oust 
alther  ba  two  uistlnctlr  different  aachiaa*  or  a 
single  nchinf  to  badir  conproeited  at  to  ba  nearly 
ussle**  in  both  environments. 

Stephens,  in  recounting  **II  problems  ia 
injecting  the  successful  DCiW  2-1/2  -  t^n  txt 
amphibian  into  tha  military  system,  cowavnttd: 

HToo  frequently,  development  of  new  equipment  it 
hampered  by  erroneously  considering  that  it 
competes  sgainst  some  othar  vary  different  type  of 
equipment  ”  (  1944]  t  Tha  Sheridan,  or  an  ante  rad 
hovercraft,  or  any  othar  mobile  flrapover  platform 
toitabia  for  uta  in  Southeast  Asia  will  not 
necessarily  ba  a  tank  in  usual  European  battlefiald 
aama9  and  will  not  ba  competitive  with  our  currant 
European  stria  tanks,  aithar  in  Europe  or  in  Asia, 
ffor  oust  it  pass  muster  as  universally  usaful 
(Vanca f  1965].  Aftar  all,  no  one  can  any  longer 
claim  that  our  currant  tanks  art  * 

Ona  computerized  systems  analysis  has  alraady 
baan  tpplitd  to  tha  tank  problem,  with  what  succasa 
ranains  to  ba  taan.  In  August  1963,  a;mat«t  was 
raachad  between  tha  Federal  Republic  of  Gammy 
nnd  tha  Halted  Stntas  ta  jointly  design  a  sisgla  main 
bnttla  tank  for  usa  in  tha  1979 vsf  tha  MBT70 
(Besson,  1965].  Tha  project  bar  a©  with  a  *Tubber 
tank*  or  parametric  computer  study  by  Lockheed  to 
determine  functional  requirements  for  a  tank  ta  ba  used  in 
fnraya  (OrrAamaa.  Hay -June  1965;  Shicrits,  1966;  fitios,  1966], 
Dasigm  prioritias  nra  reported  to  hnra  beam  fire 
paver*  mobility,  and  sureirabillty,  in  that  order 
[Army,  May  1965}.  By  tea  surma r  of  1965,  tha 
conceptual  approach  and  technical  characteristics 
had  beam  agreed  srpon,  majar  cos^oments  had  beam 
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sorted  c.^on  ["tfijcn,  !?$$;  Vince,  P*S]f  tr.i  pus# 
ccntrtctsrs  selected. 

VMle  it  it  1 t*ewn  that  th#  #i$slon  for  whicik 
tht  opticu*  *?TT  to  b#  defined  by  th#  study  wts 
tani^rersjs-tar.k  coesoat  In  th#  fcjro?«aa  t  ««tnf 
tn#  vsl-#  «*stt«  used  has  net  te^n  dl^clcsed. 
Fr«tu*thly  it  vu  sc»#  sort  of  probability  of 
tweetss,  such  as  r-orkiewicx  has  recently  outlined 
(IMS).  Probability  of  success  (r§>  u  the  joint 
yrabability  of  availability,  th#  chance  that  th# 
tank  will  be  where  and  when  it  is  needed  (?m) ,  th# 
probability  that  it  will  surviro  {?€)#  and  the 
probability  that  it  will  be  able  to  kill  the 
opposing  tank  (?*) ;  i.e., 

p.  •  p.  x  p.  *  ?* 

la  this  formulation,  nobility  is  included  with 
agility,  reliability,  and  transportability  la  the 
availability  tarn. 

According  to  publithad  reports,  th*  M3T73 
growing  froa  t Ha  studies,  in  addition  to  wounting 
th*  Shllieghli  weapons  systea  ia  a  turret  [Watson, 
1966},  *111  ba  suitable  for  the  nuclear  battle- 
fitld  and  will  be  a  floater,  powered  by  a  variable 
coaqpreasioa  ratio  anltifuel  engine  giving  twice 
the  horsepower  per  ton  of  present  tanks  \Autymcti  a 
Induetritt,  1  Dec  1965;  Quinn,  1366}.  Its  soft* 
soil  nobility  features  have  not  betn  mentioned, 
but  tt  saaaa  probabla  that  they  will  differ  but 
little  froa  currant  tanks.  Its  rough  terrain 
perforate#,  however,  should  be  at  least  as  good 
as  the  current  German  Leopard,  which  Is  reported 
to  he  "ra workable"  [Meyer.  1966). 
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lux  ail  «*r  not  t«  roses*  Tha  Federal  ftnufclie 
of  Carrtny  t  ^  t**e  United  Scutes  will  each  kuHi  tktir 
ovr  csttr*stj:r  to  demonstrate  ioterc  &*»a»ahl  ii  ty 

i'lttson,  19C&).  iowever,  there  is  already  speculation 
that  t be**  Hill  instead  be  t*o  different  *jcki2«sl 

represents*  tut  vfferent,  cc*rttitie*  int srpret* t ia*s 
of  the  stjdy  result?,  with  the  Canaan  »»chir»a  perhaps 
stressing  anbilitr  aorc  than  tbp  U.  S.  IShioeitt, 

Which  illustrates  that  even  cartful  tmtat  analyses 
do  mot ,  im  such  a  complex  problem,  product  umeaeirecsl 
results. 
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•It  U«  Utn  1959*a.  G*nu|,  frut«,  u4 
Italy  4»*tlop«<  tripartita  tiU  •yaalfleatlaaa  is 
a  similar  affort  at  stasdardliatloa.  Tia  ratal* 
was  tit  Cara  as  Lawpard  aad  tks  fmti  AMJ  30,  rkilt 
Italy  daeldsd  ta  bay  *60'a  (lets,  1966*  Ogorklewlts. 
1964 1  fkiorlt*.  1966] .  m 
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The  • '^si rn  of  *  good  host  for  a  riven  jenrtct 

it  cornier  hut  manages-) le .  resign  of  a  i*jcce*tful 

^ff-rosd  vehicle  is  still  more  ccwpir*.  and  Ies* 
iiniMi^!e.  When  the  two  design  areas  are  cct- 

pounced  in  the  creation  of  a  sviwmr.g  venicle, 
which  »*jit  cope  with  the  prchless  both  of  heats 
and  of  oif-road  vehicles.  plus  sewe  new  ones  at  the 
land-water  interface,  the  situation  becomes 
frustrating  at  bast.  As  such  as  with  a  conventional 
tank,  t ha  swimming  vehicle,  confined  within  a  dual 
set  of  physical  constraints,  almost  designs  itself. 

Aaiphibious  vehicles  go  back  to  the  ‘^aphibolcs 
Orkuter/'  built  in  Philadelphia  bv  Oliver  Fvans  in 
1804  [Uanlcy.  19S4;  IXD,  1 95S }  .  The  first  serious 
Military  interest  in  amphibians.  however,  was 
evoked  by  several  prototype  tracked,  screw-prcpel led . 
uphiMor:  "tanks  built  by  Christie  during  the 
early  1920*sf  but  these  were  found  wanting  at  the 
time  (IkD.  195S).  U.  S.  Navy  and  Marine  interest 
was  revived  in  1935  by  Donald  Roebling's  tracked, 
track-propelled  "Alligators/*  conceived  for  rescue 
work  in  the  Florida  Everglades.  This  tine  the  spark 
did  net  die.  In  the  few  years  following,  the 
Successful  IVT  vehicles  of  IfWII  were  developed 
(IKD.  1955].  and  with  the*  the  amphibious  assault 
doctrine  which  retook  the  Pacific  in  1943*45. 

Navy  and  Manse  Corps  landing  vehicle  development 
has  continued,  resulting  in  a  series  of  incressirgly 
large.  S-7  knot,  trackad  track-propelled  vehicles 

suitable  for  beach  assaults  (Alexander.  1957; 

OWC.  1964:  Busbips.  19M).  The  latest  in  this 
direct  lira  of  descent  is  the  experimental  tracked 
IVTPX12  25-mam  carrier,  with  twin  water  Jet 
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propulsion,  dititi  r'tmt,  and  a  bulbous  bow 

[Ar*vr,  1966). 

A  seccnu  line  cf  aephibian  development  w»s 

initiated  by  t Naticnai  Pefense  Research  Coe* 

■ittta  of  nspp  in  1941,  with  the  conversion  of  the 
standard  I/4-ton  4*4  jeep  to  a  sc rew-prone J 1 ed 
amphibian  {'""TP,  1346}  .  This  approach  quickly  came 
to  fruition  in  the  conversion  of  the  VWU  2-1/2-ton 
6x6  to  the  spec tacularly  successful  DUPf,  which 
first  saw  action  in  the  landings  in  Sicily  in 
July  1943  (Stephens.  1944  :  OSRP,  1946J .  The  nunr 
was  conceived  essentially  for  unloading  ships  in 
a  continuous  flow  f rew  shipside.  across  sand  beaches, 
to  inland  dustps  with  no  delays  and  pile-ups  at  the 
water's  edge.  Implicit  in  this  concept  was  the 
ability  to  land  through  high  surf.  In  this  regard 
in  particular,  the  DUKW  exceeded  all  expec tat  ions, 
setting  a  standard  which  is  hard  to  baat  today. 
Howtvar,  at  the  war’s  end,  the  consensus  was  that 
the  DUHf  still  left  much  to  be  desired.  It  was 
too  slow  in  the  water,  inadequately  nobile  off¬ 
road  in  nud  and  other  weak  soil  conditions 
exeeptfwf  tend,  carried  too  snail  a  payload  for 
efficient  ship  unloading,  and  was  itself  trouble- 
som  to  load  and  unload  (Stephens,  1944;  QSRD, 

1946;  Manley,  1954).  In  the  ten  yeers  following 
W1I  the  A>«y  attempted  to  correct  these  de¬ 
ficiencies  in  a  series  of  wheeled  aarphiblans 

patterned  essentially  after  the  DOW  --  the 
Superduck  4-ton  6x6,  the  plastic-hulled  Cull  5-ton 
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6x6,  tha  Drake  10  -ten  *x*  (Joy,  1 3S6;  Foach,  1360; 

Crigore,  136SJ.  *hil#  theta  machines  dio  carry  larger 
payloads  at  modestly  higher  water  speeds,  their  mcoillty 
vas  not  improved,  as  shown  in  Table  X,  which  summarizes 
the  mobility  indices  (developed  in  Appendix  111), 
payload  capacities,  and  water  speeds  for  a  number  of 
wheeled  amphibians  and  floaters, 

A  different  direction,  based  upon  the  use  of  simpler 
4x4  unsprung  (round  running  gear,  and  hence  implicitly 
placing  greater  emphasis  oa  water  capabilltiea,  waa 
;  began  In  1952  with  the  construction  of  the  nannoth 

!  60-ton  peylctd  BAJtC  [USJC,  1964].  This  has  been  since 

,  followed  by  sisilarly  conceived,  smaller,  alunicua- 

<  hulled  4x4  xachines,  the  S*ton  payload  LAXC  S  and  the 

lS-ton  LAXC  IS,  which  are  now  in  service  (Xoach,  i960; 

I  USMC,  1964).  The  LAJtC’s  have  aodeatly  improved  water 

speeds  and,  between  then,  appreciably  increasad  payloeds 
1  over  the  DUCT  levels.  Loading  end  unloading  are  also 

I  speeded  through  adoption  of  an  open-sided  cargo  deck 

j  which  nay  be  loaded  and  unloaded  by  aeass  of  forklifts 

I  working  froa  the  sides.  However,  as  indicated  in  Table 

!  X,  except  in  their  tand  ptrform'nam ,  their  calculated 

J  soft-soil  nobility  is  either  worse  (LAXC  IS)  or  only 

I  narglnally  improved  (LABC  S)  over  that  of  the  DUO. 

To  explore  the  cost/effectiveness  of  a  truly 
significant  gain  in  water  speeds,  the  Navy  has  followed 
up  stadias  initiated  by  the  Army  {Ten  and  Finelli,  1957] 
and  constructed  two  types  of  sluainua -hulled,  gas-turbine 
powered,  S-ton  payload  as^hibixns,  one  designed  for 
piaaiag  (LVWX'i),  the  other  for  high-speed  operation  oa 
I  hydrofoils  (LYH’s)  [Buships,  1964;  fovartap  Cr*ft  mnd 

|  tpdre/oil,  Nov  1964,  Fab  194S].  Both  typos  are  4x4 »s  with 

retractable  wheals;  neither  offers  any  evident  gain  in  soft 


24S 


e 


soil  woMllty  over  the  DL'X*  (»«e  T*ble  X), 

Although  complex  end  costly,  the  hydrofoil  LVHX2 
appears  quite  efficient  frin  the  viewpoint  of  fuel 
conjunction  at  speed  in  the  water,  producing  2.1 
ton-ailes  of  cargo  movement  p«r  gallon  of  f'rel, 
as  cuxpared  to  2.2  ton-eilc»  per  gallon  for  the 
DUX*  and  2.S  ton-ailes  per  gallon  for  the  LAfcC  >. 

And  finally,  current  doctrine,  growing  out  of 
the  19*0  HOVER  study  (1960),  says  that 
all  tactical  Arey  vehicles  should  be  inherently 
capable  of  negotiating  inland  water  obstacles. 

This  has  been  interpreted  to  aean  that  they  should 
float  with  little  or  no  prior  preparation  (prefer¬ 
ably  upright)  and  be  able  controilably  to  swia  at 
speeds  of  at  least  2-J  mpk .  These  qualities  are 
being  built  into  the  current  new  generation  cf 
tactical  truck! .  To  distinguish  thea  froa  their 
speedier,  aore  seaworthy,  surfing  cousins,  just 
reviewed,  they  are  reread  "floaters"  rather  than 
aaphibians.  Their  mobility  characteristics  and 
their  aarginal  water  performances  are  also  briefed 
in  Table  X. 

So  why  the  blues?  First,  noma  of  the  vehicles 
- -  aaphibians  or  floaters  --  synopsixed  in  Table  X 
has  adequata  nobility  to  get  out  of  the  water  under 
its  am  steaa  once  it  is  in,  except  over  sand 
beaches  or  under  especially  favorable  and  unusual 
bank  conditions.  Moreover,  our  tracked  aaphibians  and 
floatars  ara  little  (if  any)  bettar  in  this  regard  [e/. 
Moore,  1966).  Second,  the  lavs  of  hvdrostat’cs 
sad  of  l rdrodynaaics  do  not  allow  a ay  chaap  and 
easy  ways  to  iaprove  water  performance,  tegmrdlesa 
of  the  continued  optiaiaa  of  specification  and 
requirements  writers.  And  finally,  the  dictates 
of  dstign  for  good  wstar  performance  are,  at 
aany  points,  aftar  ths  general  cuasednets  of 
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things,  at  loggerheads  with  those  for  good  off¬ 
road  performance,  particularly  at  the  land-eater 
interface,  where  mobility  problems  are  regularly 
exacerbated  by  weak,  wet  soils  and/or  extreme, 
though  sometimes  short,  grades. 

The  elements  of  water  performance  are  simple 
and  cannot  be  overlooked.  The  vehicle  floats, 
upright,  or  it  does  not.  Water  is  a  simple  enough 
substance  that  a  speed  is  a  speed,  with  little 
ambiguity  once  draft,  channel,  and  currtnt  effects 
are  recognized.  Controllability  or  lack  of  it  is 
readily  apparent.  And  even  surf  performance  can  be 
specified  and  checked.  One  result  of  all  this  is 
that  the  compromises  which  must  inevitably  be  made 
between  water  performance  and  the  unavoidably  more 
nebulous  quality,  off-road  performance  srust  favor  the 
former.  And  its  corollary  is  that,  more  often  than 
not,  soft  soil  mobility  of  the  amphibian  is  feta  than 
that  of  comparable  land-bound  trucks,  despite  the  fact 
that  it  im« t  be  more  if  it  is  to  be  able  freely  to  get 
to  and  from  the  water's  edge.  This  problem  can  be 
made  more  tractable  by  formulating  realistic  specifi¬ 
cations  for  water  performance. 

Amy  amphibian  or  sviaaer,  as  a  body  which 
must  float,  must  be  designed  in  accordance  with 
Archimedes*  law,  by  which  its  gross  weight  and 
its  minimum  dimensions  are  related.  More  detailed 
considerations  of  the  desired  attitude  in  which 
the  body  should  float  further  limit  the  arbitrary 
selection  of  dimensions,  and  tend  to  dictate  form 
and  weight  distribution  and  hornet  orerall  layout. 

In  the  design  of  amphibians  and  floaters  of 
reasonable  size,  the  problem  is  complicated  by 
thm  fact  that  feasible  overall  dimensions  are 
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limited  by  lead* going  ead/or  transportability 

considerations.  Thus,  while  t ha  pinafore  loading 

(b/A)  of  work  boats  is  t ha  range  of  S-Z3  teas  cross  dis- 

placceeet  varies  approximately  as  0.01  V.7TT  [''uttall  and 

Hacker,  1?*5],  that  for  noe-swiajaiag  off-road  trucks  la  the 

list  range  varies  approximately  as  C.OJ  VT.V, • 

and  for  trackad  vehicles  as  0.04  \~C7i .  Ia  practice, 

wheeled  amphibians  bars  struck  a  coeproeis#  *  - 

W/A  •  0.02  Voir.  Tracked  aaphibiaas.  being  less 

free  to  increase  their  length,  haws  tended  te 

retain  eore  coepect,  lead-going  plan  dieensioas  - - 

W/A  •  0.0X5  ’/T77. 

Plaafora  diaamsioaal  limitations,  and  particu¬ 
larly  width  limitations,  aeaa  that  the  in he  rent 
roll  stability  cf  the  buoyant  form  is  Halted,  so 
that  the  vortical  center  of  gravity  of  tho  loaded 
••chine  aust  be  kept  relatively  low.  Tho  pro* lee 
is  oftea  aggravated,  especially  on  wheeled 
vehicles,  by  cut-outs  in  the  hull  at  the  sides  for 
running  gear,  which,  when  they  pierce  the 
waterline,  still  further  reduce  inherent  fora 
stability. 

The  second  result  of  the  high  loadings  of 
•visaing  vehicles  is  that  their  underwater  ship* 

•Ae  shown  ia  ea  earlier  seetioa,  te*  o'tual  variation 
for  non-svlaalag  tr-tehe  sad  tracked  fchlclev  la  gives  aero 
•early  by  */A  •  t^orv.  The  ao re  approximate  forme 
are  aaed  here  to  facilitate  simple  coeparlaoe 

within  this  limited  weight  ra age.  The  change  la 
the  fora  of  tho  relationship  betveea  W/A  cad  OTg 
far  aaphiblaas  free  a  • genre  root  to  a  eabe  root  la 
simply  a  reflection  of  tho  inaetabla  levo  of  hydros 

static  a.  lacraase  la  loading  in  the  vatar  as  _ _ 

/ST7  would  ewaa  that  tho  draft  of  the  machine 
Increased  more  rapidly  than  Its  plaafora  diaenaicas. 
resulting  la  a  systematic  change  la  proportions 
with  also  which  does  not  la  fact  obtain. 
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mist  to  basically  poor  in  taros  of  draft  propulsion 
efficiertcv,  ami  control*  This  situation  is  a*ai* 
compounded  hv  th«  usual  presence  as  uugaisly 
appendages  to  the  hull  sc»e  or  all  of  the  land 
runninx  tear.  The  fundamental  hrdrodynanic  problem 
involved  were  outlined  by  Nuttali  and  Hecker  in  124S, 
and  by  MtEwen  in  1947* 

Ordinary  boats  and  svimers  which  are  sustained 
in  the  water  primarily  by  buoyant  or  hydrostatic 
forces  at  all  oreratinx  speeds  are  tensed  ^displace¬ 
ment"  craft*  The  resistance  to  forward  notion  of 
such  vessels  cones  from  surface  wave-n»kint,  skin 
friction,  and  the  dr^.f  of  submersed  appendages. 

In  amphibians,  at  a  speed  such  that  at  V//T  •  !#• 
it  is  estimated  that  approximately  40  percent  of 
the  resistance  cones  from  wave-making*  30  percent 
from  friction,  and  30  percent  from  appendaxes 
[lfhitney,  19SS].  The  skin  friction  of  a  given  hull 
increases  approximately  as  V1-111,  and  its  appendage 
drax  as  V*.  Kave-naking  resistance  also  increases 
about  as  V*  up  to  a  speed  such  that  V  •  0.9  /T. 

Above  this  critical  speed,  the  wave-making  component 
of  resistance  increases,  with  some  anomalies,  approx¬ 
imately  as  V1  or  even  V*.  I*  merchant  ship  work, 
speed-length  ratios  of  1*1  or  1*2  are  considered 
the  economical  upper  limit  of  speed  {ftossell  and 
Chapman,  1939J  *  A  20-ton  round-bottom  pleasure  boat 
has  a  resistance/veig ht  ratio  (R/1f)  of  the  order  of 
0.C03S  at  a  speed-length  ratio  of  0.1;  0*017  at  1.2; 
and  0*080  at  1.8,  a  gynsrml  variation  roughly  of  the 
form  F/V  •  0*009  (V/ /£)*•*. 


•The  ratio  ?/✓£  is  referred  te  as  the  "tpoed-lenath" 
ratio*  ¥  la  In  knots  (1  ka  •  1*15  nph)  u4  L  la  the 
waterilee  lemxtk  of  tbe  vessel  In  feet* 
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TH#  form  of  displacement  amohibitn  hulls  hn 
b«^n  so  poor,  tad  to  befouled  by  spreads  ;rts  , 
th#  rtpid  IncMiii  ia  vsve-Mking  r* sistsnce  «t 
big**r  speeds  is  sot  as  sppsrvat  st  in  hosts. 

Modal  tt*t*  of  the  **11  DLTW  shea*  tht  rtls?  icaiship 
*/*  *  0.CS1  (V/Zf)2*'*;  the  **;i  IVT,  *,'*  *  C..S5I 
(V//I?)2*5  (tfuttsi  1  and  Hacker,  Tests  cn  « 

- iapl 1 1  iquiro-edjtd  box  of  the  s  ine  gtntrs]  submerged 
proportions  firo  R/l*  •  0.04  (Y//T)a**  im|. 

At  rsssonsbls  operating  speeds  (say  V//T  *  1.1)  *  thm 
spt*ci£ic  resistance  of  the  DLTV  is  six  tints,  that 
of  tha  LVT  more  than  J,S  tints,  and  that  of  tho  box 
4  times  tha  tpacific  resistance  of  a  boat.  In  practica 
tha  naxiaum  speeds  of  dlsplscerent  amphibians  Kara 
not  txcttdad  V//T  •  l.S,  and  operating  speeds  sra 
■ora  usually  in  tha  rtnge  of  1-1.2.** 

Note  that  while  rasittancas  increase  as  V1 *V\ 
towrope  power  required  incrtssaa  as  V*-V4,  and 
installtd  power  oftea  still  faster,  bacsusa  of 
datariorsting  tfficitnciss  of  practical  sited  propellers 
under  tha  excessive  higher  loadings  forced  upon 
»ost  amphibians  by  limited  dimensional  envelopes 
which  in  turn  limit  possibla  propalls r  sixes. 

And  tha  problem  it  udt  still  sort  intractable 
by  propailtr  tf ficiencits.  Vhere  thart  is  ipmca 
vithin  tha  design  envelope  for  a  proper  sixa  propailtr, 

•Is  dtallaf  with  am?blMaar  sad  floaters,  it 
is  usual,  and  adequate,  to  ate  tha  overall  Ttaisle 
lesgtb  for  l  r athe-  ti^am  tha  vaterllna  length  ia 
forming  tha  ratio  T//L. 

••fvea  If  hlahcr  paver  acra  supplied,  coasiderablt 
redesign  would  be  aeoessa//  to  praveat  their  svaspiag 
la  their  ova  horn  saves  at  speeds  much  higher. 
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cUm  flw  ta  vu  frtMi  It.  «*  a,  ,  b*„ 

v*  *T#r,U  ,t,»  ,Mi*.  pow*T-t*.T~r^« 

•«»ci«ncf  (or  prtnwlaiT,  coaffic i«at) 
ii  {amorally  of  th«  ardor  of  0.4.0. t.  c* 

Orapallsr-drlr**  sspoiblM.,  it  U  raraly  JUlf  tbia, 
oft*a  atxll  Itu.  Tbo  aituotlo*  la  sat  faR^auatJillf 
'  4,f*4  *h#a  •  Mjh-apaad  aatir  Jot  ifitia  ii 
acbatituttd  '?r  tHa  utmtlnn  prar*ilar(*) ,  if, 

••  lx,  oftan  ba*»  tha  cat.  i»  tho  p„t,  tha  tonal  * 
i»t  arts  la  aubatantlally  imIIit  thaa  tho  «t,< 

Cf  th*  M»P*1U»(»)  it  rtplacaa,  preyuiiira 
•fftciascr  will  actually  ba  var*a. 
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Slepler  alternatives  to  the  of  itm  propel lers, 

»oc)i  ••  track  or  vh-el  prwpulaloc,  *r»  utuelly  far 
poorer  (Yitaay,  1355;  Clear* ,  13*3).  The  situation 
II  illustrated  by  exesialag  the  «//••*{»«  overall  mlituci  to 
weigh*.  ratio  (2(/V)  for  a  nuafeer  *f  existing  aeenibiaas. 

TM  »  aar  readily  bo  cslcolatad  fro*  published  iistallad 
hotiepower,  naxiaus  ypeed,  jr»»i  weight,  tad  overall  length 
fipm.  VitH  ealy  ninor  loas  la  precixlon,  tH*  calculated 
▼ala* a  nay  b*  organiiad  into  a  alaple  pattern  each  that 

*./w  •  *  (v/«T)!  . 

Apfroxiaat*  valuea  for  I  for  varioaa  typea  ef 
propuliloa  u4  hull  are  ihora  la  Table  XI.  The 
figure*  of  Table  XI,  taken  with  the  prevlouaiy 
quoted  figure*  on  tcirrop*  resistance,  indicate  eppro-iaate 
values  far  propulsive  coefficients  for  various  general 
sod*  a  of  propulsion  as  follevat 

prepollers  FC  •  0.15-0. 25 

sped**  water- 

propulsion  tracks  FC  •  0.19 

aensai  tracks,  tires  FC  •  0.02-0.03 

All  of  which  ir  aot  to  ssy  thst  water  speeds 
la  excess  of  about  10  aph  are  iepoasible.  Several 
possibilities  do  exist  for  substaatlally  higher 
speeds,  at  a  price.  If  the  aechiae  is  designed  to  plaae  ia 
tW  water,  with  wheels  retracted  eat  of  the  water  flaw,  the 
propeller  Bade  retractable  (to  be  statable  out  of 
here's  way  for  land  operations,  but  affectirsly 
placed  for  water  operation),  sad  a  clean  planing 
null  fitted,  cala  water  speeds  is  the  range  of 
V//T  «*  3-6  nay  be  obtained  et  specific  drags  (>-/•) 
af  0.16-0.20  flaia,  1966).  The  effectire  drag 
ratio  (X«fV)  of  the  Navy  S-toa  4x4,  1500  HF,  gas 
turbiae,  planing  anphibiaa  is  0.5,  indicating  a 
propulsive  coefficient  ef  0.3S-0  'I  (3ushlpe,  1962]. 
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If  the  additional  nechaaicsl  and  control 
coeducation*  of  hydrofoils,  retractable  for  lu4 
operation,  are  added.  lie  itat  speeds  nay  b« 
achieved  »ttk  last  drag  at  epeed,  and  hence  l«at 
power.  The  Nary's  J -to*  4z4,  1103  H?,  gas  turbine, 
uydrefoll  amphibian  cptritti  at  a*  effective  drag 
ratio  of  0.26,  inplyiag  a  flyinr  dr  a;  of  the  order 
of  3.13,  and  a  propulsive  coofficiaat  of  about  0.S 
(Bwsnlps,  19S4J.  'Tahe-eff"  drag,  however,  will  be  39-lSi 
percent  higher  [a/.  lua,  1966),  depend  lag  open  tie 
refinenent  of  hull  design  and  whether  or  not  the 
wheel*  are  retracted.  This  high  Mbu«pM  drag 
necessitates  us*  of  a  variable  propeller  configu¬ 
ration  for  effective  operation  under  high  thrust 
at  low  spoeds  (V//T  •  2)  during  take-off,  and 
efficiency  under  lower  throat  load*  at  hither 
speed*  while  flying.  A  najor  advantage  of  the 
hydrofoil  configuration  it  that  It  can  oaintam 
High  speeds  in  2-3- foot  seas  which  would  force 
the  planing  hull  to  back  off  considerably. 

leth  approaches  are  costly,  in  dollars,  in 
conpllcation,  and  In  weight.  Both  experimental 
typea,  despite  the  use  of  lightweight  powe-  plaats 
and  s 1 uni cun  hulls,  and  the  fitting  of  caly 
anrgianlly  nob il*  land  naming  gear,  have  a 
pay load/gros*  weight  ratio  of  only  0.26.  This 
cenpares  with  ratios  of  the  order  of  0.4  for 
current,  leas  azotic  nachines  such  as  the  LA2£'s, 
which  in  turn  have  already  paid  a  S-10  percent  dirett 
weight  penalty  for  their  anphlbious  features. 

A  third  available  alternative  is  to  design 
diaplacemat  anphibiaas  for  us*  coupled  in  trains 
far  long  water  hauls.  Scale-nodel  tasts  hare 
shown  that  aiaply  coupling  eight  eleawats  reduces 
the  unit  drag  so  that,  if  equal  propulsive 


efficiency  is  assumed  whether  nmii|  singly  or  coupled,  the 
operating  speed  of  the  traia  ur  bo  about  dombla  that  of  » 

omit  with  tha  same  Installed  power  in  ooch  vehicle 
(Iim,  1966). 

*hlle  tho  various  figures  quoted  irt 
historical,  they  »jo  clso  in  general  accord  with 
tho  current  theory  and  practice  of  naval  archi¬ 
tecture.  They  oak*  it  clear  that  a  specification 
for  a  water  speed  which  is  outside  the  state-of- 
the-art  of  amphibians  must  either  be  ignored,  or 
allowed  to  govern  the  entire  design.  Vhen,  as 
has  sometimes  been  the  case,  the  specification  is 
beyond  good  boat  practice,  it  is  patently 
ridiculous . 

The  bank  e*Te»s  problee  is  also  governed  by 
fundamental  considerations.  First,  the  streae  bed  or 
canal  ditch  and  its  banks  often  constitute  a  formidable 
obstacle  to  even  the  best  ground-crawling  machines 
purely  because  of  their  geoswtry  --  steep  slopes, 
high  vertical  steps,  etc.  The  problem  is  confounded 
by  the  fact  that  tha  soils  on  tha  staep  banks  arm  wet, 
making  them  slippery  at  beat.  Vhere  tha  bank  slop# 
is  inviting,  the  soils  will  often  be  very  weak, 
waterlogged  silts,  etc.  This  basically  difficult 
aituation  becomes  still  smre  so  when  the  vehicle  is 
afloat,  or  partially  afloat,  so  that  its  maximum  poasibla 
tractive  thrust  and  the  ability  to  bull  through  on 
swmmntum  arm  both  greatly  rvductd.  Accordingly,  ihsrm 
is  far  nor*  to  creating  a  visbla  river-crossing  "floater" 
than  simply  adding  buoyancy  to  an  ordinary  vehicls  of 
already  1'isut-d  off-read  mobility  (e/.  Vlsmer,  196S). 
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It  apptart  probibit  that  a  rtanalysii  of  t\a 
coit  rtrsui  tht  t rug  * f feet iventta  of  tht  current 
crop  of  flcittrt  In  tht  light  of  rtetat  txptritnct 
would  show  that  tost  of  tht*  art  not  really  Justifiable 
at  ihsir  prtata*  1*9*1  of  water  and  threat  ptr/er^**#*, 
Eithtr  *cr*  tust  bt  sHtnt  (in  all  coin*)  cn  thtlr 
wattr  tn^  b*nk  tobility  or  tht  requirement  chfiiftd, 
ptrhaps  back  to  deop  fording  capability;  i.t*f  tht 
current  balanct  tty  wail  prowt  to  bt  tht  point  of 
U«t*  rtturn. 


_  *  '  "Ttse 


r<»“*V  *  -  «  ^*-T-**  -«• 


A  Mobility  ""et  Bod"? 


The  design  end  construction  of  off-road 
vehicles  hit  been  •  grin,  prosaic  bosinait,  largely 
unlesrened  by  tho  sporting  aleatar  of  outright 
perforeaace  competition,  divorced  f root  workaday 
probioas  of  cost,  reliability  tad  a  paying  job  to 
bo  dona,  which  has  fron  tins  to  tins  beaifited 
othsr  rpborss  of  transportation  eagineeriag.  Such 
exceptions  as  tha  long-standing  British  off-road 
"triads"  conpotition  [of.  Kotor,  22  Jan  iHi],  tho 
annual  Naples,  Florida,  "svsap  boggy"  raco  [of. 
lamer,  196*1,  growing  intarost  in 

sand  duna  racing  [of.  Sporto  I lluotrotod,  10  19**1, 

and  cross-country  racing  in  tho  USSI  [Kotor,  23 
Ac |  1966],  hava  not  yat  produced  any  saw  knowledge 
and  serve  rather  to  point  up  tha  case. 

It  appears  possible  that  a  useful  exercise 
at  this  juncture  would  be  specifically  to  doTelop 
one  or  several  different  "nobility  hot  rods,"  to 
synthesise  the  effects  of  such  conpotition.  The 
proposed  hot  rods  would  be  designed  solely  to 
carry  an  intrepid  driver,  a  first-aid  kit,  and  a 
aininua  of  lightweight,  corset  instrunentation 
at  the  highest  possible  speeds  across  a  wide 
variety  of  difficult  cross-country  terrain.  If 
cost/effectivtness  and  all  other  constraints  which 
are  now  thought  to  liait  tha  free  application  of 
current  know-how  could  once  be  eliainated,  and 
MOBILITY  only  made  the  object,  the  resulting 
aachines  would  presumably  represent  the  pinnacle 
of  the  state-of-the-art,  against  which  the 
snbility  of  ell  current  and  proposed  working 
aachines  could  be  aeesured.  A  serious,  properly 
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financed  effort  of  this  sort  would  iaiv«r  many 
questions  In  •  way  that  c*nnot  be  done  cn  a 
blackboard  or  in  a  ccmputar  {laorr  and  Morgtrtstarn, 

1 9  6  S  ] ;'  in  a  way  which  can  be  readily  grasped  by 
everyone  conctrrcd  with  the  problem,  from  top  to 
bottom. 

*hile  it  does  not  appear  likely,  the  hot  rod 
performance  wight  just  turn  out  to  be  disappoint¬ 
ingly  little  better  than  th*t  of  our  current  tood 
machines.  This  is  a  risk  the  vehicle*te rrain 
research  community  should  take,  even  though  it 
ceul A  force  the»  into  new  and  more  promising  lines 
of  personal  endeavor.  If,  however,  the  current  upper  link** 
could  be  demonstrated  in  »«tal  to  be  substantially 
better  than  the  few  percent  improvement  which  is 
regularly  promulgated  by  advocates  of  more  and 
more  reliance  on  air  transport,  it  could  develop  e 
demand  for  the  rebalance  of  design  priorities 
thought  to  be  needed  to  make  reel  progress  in 
cross -country  mobility.  It  would  also  generate 
requirements  for  more  and  better  research,  la 
either  case,  everyone  would  learn  much.  And  it 
would  be  fun. 
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Speclfylay  Ferf irMiitt 

la  the  official  ijritei,  the  develconeat  of  a 
vehicle  begins  with  t ha  um  sort  of  specifications 
of  performance  and  othar  features  which  go  into  tha 
QMR.  Tha  compute  specif icatica  daals  with  many 
problems  and  foatures,  of  which  off-road  mobility 
is  only  one.  Othars  ara: 

1)  reliability 

2)  affactiranass  - -  cnabat  load  or  cargo, 
armor  and  firapowar  or  toamtge,  speed; 
and  vulnerability 

3)  transportability,  which  today  means, 
increasingly,  air  transportability 

4)  transport  afficiancy,  which  is  pristari ly 
concerned  with  fuel  consumption  and  with 
logistic  support  required 

5)  durability 

6)  maintainability 

7)  manpower  requirements  ia  tarns  of  numbers, 
training,  and  genaral  intalligence  laral 

Each  of  thasa  characteristics  is  covered  in  a 
number  of  different  ways.  Some,  such  as  relia¬ 
bility,  durability,  and  suiatainability,  have 
proven  to  bo  almost  as  nebulous  and  difficult  to 
specify  as  srobility.  Thoro  is  a  currant  healthy 
tread  towards  specifying  all  requirements  in 
functional  terns,  leaving  swans  to  the  designer. 
Some  redundancy  or  Moverspecificatlonw  still 
occurs,  however,  which  often  serves  as  am  "out"  fsr 
the  designer  when  the  functional  requirenents  can¬ 
not  bo  swt. 

Ia  relation  to  nobil'ty  or  off-road  perform¬ 
ance,  specifications  aro  cnrrantly  stated  ia  four 
general  ways,  name  of  which  are  truly  quantitative 
had  hence  acceptable : 
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1)  Performance  nay  be  expressed  ia  terms  cf 
•^uiulcac#  to  a  known  vesicle.  A  specifi¬ 
cation  msy  road  tUt  "the  *ooiiity  (cf  a  »•« 
vehicle)  .  *  ,  should  be  equal  to  tnat  of  tha 
KIYZ."  Siaca  no  defiriticn  of  equivalence  is 
given,  this  ia  practice  reduces  to  identity. 

For  example,  a  question  was  raised  at  a  1964 
bidders'  conference  as  to  whether  a  J-wieeieU 
vehicle  would  be  acceptable.  The  answer  was 
"No*"  The  reason?  There  would  be  no  war  of 
knowing  whether  the  nobility  cf  a  J-wheeier 
was  la  fact  equivalent  to  that  of  the 
comparison  vehicle  naaed  in  the  specification, 
which  had  four  wheels* 

2)  There  is  a  plathora  of  happy  qualitative 
terms:  "maximum  mobility,"  "optimum  nobiWty," 
etc*,  a?l  indefinable  in  quantitative  terms. 
They  are  not  specifications  but  rather  king- 
site  loopholaa* 

3)  Requirements  are  sometimes  stated  in  terms 
of  sisiple  indices  which  relate  to  mobility  in 
a  general  wav,  such  as  nominal  unit  ground 
pressure  (NTIGP)  and  horsepower  per  ton  (HP/T). 
While  better  than  nothing,  these  are  a  long 
way  from  testable  performance  apeci flections. 

4)  The  Tpecif icatiom  may  spell  out  a  nua  / 
of  other  arbitrary  ds§ign  faaturea  and 
characteristics  sometimes  baaed  upon  am 
overall  problem  analysis.  These  may  include 
angles  of  approach  ~ni  departure,  ground 
clearances,  widths,  avium;  conf igurstioa, 
etc.,  ia  addition  to  the  indices  in  (3)  above. 
An  example  is  the  excellent  study  "Logistical 
Vehicle  Off-Road  Mobility"  prepared  by  the 
Transportation  Combat  Developments  Agency, 

Port  Eustis  {Brown.  Figure  U  repro¬ 

duces  the  tabulated  results  of  this  stuuy. 

The  difficulty  with  this  type  of  spocif icaticn 
ia  that  because  of  the  interrelationships 
between  nominally  independent  featv^s,  it  in 
effect  designs  the  vehicle  in  all  except 
detail  without  regard  for  alternative 

nach antes.1  possibilities  for  overcoming  various 
types  of  terrain-vehicle  problems. 
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16.  Proposed  logistical  vehicle  design  urgrts 


In  addition  there  are  »o«e  unfortunate  speci¬ 
fication*  which  involve  samples  of  all  types  of 
the  above.  It  should  be  clear  at  this  late  point 
In  the  discussion  that  the  inclusion  of  unnecessary 
con-tramts  ar.J  conditions  reduces,  sometimes  to 
the  vanishing  point,  the  degrees  of  freedoa  left 
to  the  designer  in  reaching  a  solution  (Tuttle, 
1964],  Too  many  vehicle  CMR's  present  tha  design 
agency  with  what  is  effectively  a  completely 
fro’er  design  (Schleppe*’.  1964], 

The  basically  nebulous  specification  of 
nobility  and  off-road  performance  is  all  too  fre¬ 
quently  in  contrast  to  the  detail  given  in  other 
areas.  There  is  a  natural  tendency  to  adhere  to 
closely  specified  requirements  (except  - -  by  some 
unstated  convention  - -  weight)  at  the  expanse  of 
those  less  well  stated,  regardless  of  a  pious  list 
of  priorities. 

The  nerd  for  quantitative  off-road  performance 
specifications  has  been  recognized  before  now  [of. 
Liston,  1964;  Shiovitz,  1964],  Of  course,  to  hare 
meaning,  to  be  testable,  not  only  must  the  perform¬ 
ance  b i  called  out  in  measurable,  engineering 
terms,  but  the  relevant  terrain  conditions  must 
also  be  specified,  again  in  measurable  engineering 
terms.  And  most  important,  and  difficult,  the 
specifications  must  present  the  minimum  performance 
which  will  satisfactorily  do  the  job  where  it  oust 
be  done. 

Such  realistic  specificttlons  can  only  come 
as  the  result  of  csreful  analysis  of  the  mission 
and  of  the  terrain,  including  the  development  of 
£  viable  operational  doctrine  which  outlines  the 
way  in  which  the  equipment  is  to  be  used  in  specific 
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difficult  terrain  ?  ituat lcn*  and  the  performance 
1  ir.it  .it  ions  which  have  hirer  u<?«r#nteJ  In  the  design 
fr ci  the  outset.  Asking  for  rore  than  Is  reason¬ 
ably  required  car.  only  lead  to  tacit  agreement 
that  the  specifications  ray  be  ignored,  and  to  a 
return  to  the  present  unsatisfactory  state  of 
affairs. 

A  fully  useful,  testable  off-road  performance 
specification  will  consist  of  a  matrix  of  several 
(perhaps  r.any)  measurable  pe r f nrr.ancc  versus 
nessurablc  terrain  feature  relationships.  There 
is  already  broad  agreement  upon  the  list  of 
terrain-vehicle  interactions  which  govern  off-road 
mobility,  and  hence  of  the  fa-  ors  which  should 
appear  in  a  proper  specification  matrix.  The  list 
is  deceptively  simple,  and  fully  coincident  with 
the  areas  of  terrain-vehicle  research  outlined  *n 
an  earlier  section.  Terrain  features  which  >reczi 
vehicle  performance  are  [cf.  TECP  700-700,  196a;  Crabau,  1065; 
VMEA,  196S;  Wisaer ,  1965;  HERS,  1966;  Liston  and  - 
Kanamoto,  1966;  Shaaburger,  1966]: 

1)  the  mechanical  strength  properties  of  the 
surface  naterial  system,  including  layering 
effects; 

2)  the  surface  geometry,  including  slope, 
discrete  geometric  obstacles,  and  continuous 
roughness; 

3)  vegetation  spacing  and  mechanical 
inpedence;  and 

4)  water  barriers,  including  the  land/water 
Interface  geoaetry  and  composition,  geometry 
of  the  cross  section  and  current  velocities. 

This  system  of  teoaetrlc  terrain  neasureaents  utilized  in  the 
HER 5  studies  is  illustrated  in  Figure  17.  It  is  recognised 
thet  these  several  typtt  ef  terrain  features  will  often  ect  In 
concert.  However,  analysis  indicates  that  the  eritiaal 
coabinations  are  genarally  only  those  involving  weak 
surfaca  materials  IVM5A,  1965], 
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The  i-^ottant  pnearr  vehicle  response  it  ir. 
all  cases  s  1  "v l ~  its  practical  cpfT.'tlng  speed, 
which  in  severe  conditions,  ss  in  negotiating 
near  1  in  ting  obstacles,  reduces  to  M9  or  >0,**  or 
the  familiar  "go”  or  “no-go**  criterion.  In  icnc 
instances,  particularly  in  the  case  of  operation 
over  rough  terrain  and  subcritical  obstacles,  the 
‘‘practical’*  operiting  speed  requires  definition  in 
terms  of  acceptable  vehicle  response,  such  as  PCD, 
amplitude,  acce le rat  ion,  and/or  jerk  limits  at 
various  critical  locations  in  the  vehicle. 

Recent  tests  have  demonstrated  that,  as  earlier 
suggested  bv  ^ones  [1965],  in  many  subcritical 
terrain  situations  a  vehicle's  practical  naxisru* 
operating  speed  is  more  strongly  influenced  by  rh* 
driver's  experience,  physique,  temperament,  and 
£lan;  by  details  of  control  and  cab  arrangement ; 
and  by  vehicle  responsiveness  to  cont  ol,  than  by 
the  fundamental  vehicle  characteristi zt  wi*.i  which 
terrain-vehicle  research  has  dealt  [Liston  and  Hana- 
moto,  1966].  *hile  this  is  surely  an  area  for 
further  investigation,  wclutions  should  not  be 
atteirpted  in  the  specif ications .  Rather,  the 
spe<  fications  should  include  performance  trials 
which  involve  only  the  vthiol*  components  of  the 
problem  - -  cab  and  controls  and  responsiveness. 

The  driver  variable  should  be  minimired  in  such 
tests  by  using  only  experienced,  capable  drivers 
after  they  have  had  ample  opportunity  to  become 
familiar  with  and  confident  in  the  vehicle.  After 
all,  the  road  test  results  on  automobiles, 
regularly  published  in  Motor,  Popular  M*ohanio§, 
etc.,  are  not  run  by  just  anyone's  grandmother. 

They  represent  the  best  that  an  especially 
qualified  driver  can  do  with  the  vehicle,  and  thus 


i 


* 


•  e 


» 


266- 


J'ccti-r  a  and  r t a '* I e  ir>Jc*  of  its 

intrinsic  1  1-1  ?;'.!•  rr  r  r 'r- i r*c  c  . 

»'  srrcwh.it  simplified  7 re  l  ie  i nary  sample 
off-rr.ij  per • -r-u.-ce  specification  matrix  is 
prcs.-.-.tcJ  i..  r  . c-rc  1*.  for  illustration  only. 

It  Joes  net  represent  ans  real  problem  or  terrain, 
and  covers  onlv  off-toad  performance  character¬ 
istics.  In  conceding  this  sample,  the  opportunity 
css  taken  to  indicate  that  the  variation  in  required 
characteristics  with  terrain  severity  need  not  follow 

the  same  trends  as  do  those  of  any  one  vehicle,  with 
the  result  that  in  order  to  meet  the  specifications, 

designed  performances  in  seme  areas  may  he  in  excess 
of  those  required,  as  a  result  of  steps  necessary  to 

satisfy  requirements  in  others.  The  same  information 
could  he  presented  in  the  fora  of  curves  and  families 
of  curves.  The  concert  of  the  matrix  presentation 
is  that,  by  and  large,  points  of  probable  controlling 
importance  are  given  rather  than  the  replete 
spectrum. 
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A  prototype  is  currently  subject  to  *  wide 
variety  cf  tests  by  numerous  ory*r. i  tatic-.s  .  It  is 
tested  by  its  builJer,  demonstrated  and  briefly 
checkid  by  tbe  devel'ping  agency,  and  formally 
tested  by  AHC’s  Test  and  Evaluation  Cotuaand  (TECOM) 
•t  Aberdeen  Proving  Groui...  md  at  various  of  their 
field  stations.  It  may  go  on  to  be  loaned  to 
various  interested  user  beards  and  field  groups, 
and  a  few  copies  nay  be  put  into  the  hands  of 
troops  in  the  field. 

Some  recent  contracts  have  called  for  fibri- 
cation  of  and  limited  testing  of  "test  rigs"  prior 
to  building  prototypes  for  formal  testing.  Xhlls 
on  the  face  of  it,  this  adds  time  and  dollars  to 
the  process,  it  in  fact  saves  both,  ur  allowing  the 
contractor  and  development  agency  to  rheck-out  and 
debug  the  design  before  submitting  it  to  tt.e  rigors 
of  the  complete  test  regime.  The  vehicles  which 
do  go  out  tor  TECOM  testing  thus  may  be  "second 
generation"  exemplars,  with  a  greatly  improved 
chance  of  survival  tSissom,  194S;  Morrison,  196SJ. 

Once  the  vehicle  is  released  by  the  develop¬ 
ing  agency,  further  testing  is  now  primarily  the 
responsibility  of  TECOM,  whose  aim  is  to  provide 
sound,  objective,  timely,  i<npartial,  and  independent 
evaluations.  The  complete  TECOM  test  program  may 
take  over  a  year,  and,  for  a  typical  cargo  truck, 
will  include  engineering  tests  at  Aberdeen  Proving 
Ground  (APG),  teats  by  the  Armor  Board  and  Trans¬ 
portation  Corps,  and  tests  in  Arctic,  tropic,  and 
desert  environments  (Sissom,  196S). 

The  tests  at  APC  will  be  concerned  with 
performance,  durability,  reliability,  maintain- 
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alMli.tr,  t  r  ani^rft  »♦>;  I  i  tr ,  vu  1  r.e  rah  i  1 1 1 1 ,  jairtr, 
and  !’  ;j  r  .mi  factors.  7*>e  •tte-'rt  is  ra-ie  to  Je  te  r*i  r.r 
aohrr^ntr  to  the  original  1  and  rritntly  has 

further  bren  complicated  br  t'-e  need  to  obtain 
data  for  dctemjning  awards  and  penalties  under 
contracts  having  incentive  clauses  for  the  achieve¬ 
ment  of  specnic  objectives.  The  opportunity  is 
also  taken  t  develop  data  for  uae  i:i  future  design 
work  [McNeil,  1**65 1 . 

The  fundamental  weakness  of  the  system  frcm  a 
mobility  viewpoint  appears  to  be  that  the  designer 
and  the  test  apency  each  rust  m-ie  their  own 
interpretation  of  the  QMR;  the  one  to  engineer  the 
design,  the  other  to  devise  and  conduct  tests 
(Sisson,  1965  J .  The  built-in  dangers  of  this  are 
all  too  apparent.  Proper  testable  off-road  perform¬ 
ance  specifications  would,  of  course,  make  the 
basic  procedure  in  relation  to  engineering  tests 
of  nobility  more  rational,  and  also,  incidentally, 
wake  then  more  difficult  to  perform. 

The  same  problem  arises  in  field  tests  of 
various  kinds.  The  testing  group  must  interpret 
the  QMR  in  operational  terns  which  may  or  nay  not 
turn  out  to  be  the  framework  within  which  the 
vehicle  was  conceived.  Computer  technology  has 
dramatized  the  fact  that  an  operating  system 
consists  of  both  harduar e  and  softuar e.  in  the 
off-road  vehicle  context,  the  vehicle  is  the 
hardware,  and  the  software  is  the  operational 
concept  by  which  the  hardware  is  conceived  to  be 
capable  of  handling  the  stated  problems. 

Aa  a  simgl:  example,  analysis  o.  cne  complete 
problem,  including  overall  cost/effectiveness,  may 
dictate  design  of  a  machine  which  cam  operate  under 
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*  r  i  t  a  r  i  r  s  t  *.  :fitat;rr'  r  ;  r  vwr  accordingly, 

and,  if  the  i:es:.’T,  t  re  h  •'.**!  r  .•  v  w*»f  sinuate.  tr.e 
resulting  vehicle  would  mure'  i.ot  he  adt  to 
operate  in  the  stated  condition:.  without  these 
aids.  It  would,  accordingly,  he  patently 
ridiculous  to  fault  the  vehicle  for  this  lack  of 
performance,  and  vet  if  this  '’-era?  i on*  1  concert 
were  rot  forwarded  with  he  test  vehicle,  as  rsrt 
of  the  to  he  tested,  tr.c  testinr  azenev 

c-'uld  well  become  annoyed  hv  the  vehicle’s  apparent 
shortcomings . 

Throughout  current  test  ire  programs,  the 
mooility  of  a  vehicle  will  he  testeJ  by  rears  of 
drawbar  pull-slip  tests  in  a  s'-ail  nur.ber  of  simple 
soils  (TFCP  700-700,  19M,,  and  its  performance  will 
be  qualitatively  observed  on  a  number  of  available 
"cross-country"  courses.  It  mav  he  submitted  to 
bFS  for  trafficability  testirg  (cf.  Pus!.,  19*2!. 
Comparisons  may  be  made  of  ihe  results  to  obser¬ 
vations  on  other  similar  vcficies,  and  to  whatever 
level  of  mobility  specifications  were  initially 
provided,  but  as  of  the  moment,  there  will  he  few 
meaningful  numbers.  Many  results  will  he  highly 
subjective,  varying  from  enthusiastic  (prefect 
officer,  builder's  public  relations  officer)  to 
cool  (blast  test  personnel  who  have  never  seen  The 
vehicle  they  could  not  stick,  or  break  up).  The 
mobility  of  a  given  vehicle  usually  differs  in  the 
opinion  of  each  observer  according  to  his  overall 
vehicular  experiences,  his  basic  objectivity,  and  the 
environments  in  which  he  has  s.w..  the  vehicle  operate. 
Vore  often  tnon  not  his  opinion  is  influenced  by 
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the  frtau*ncr  of  i jj*ob 1 11  rat ions  he 

ha$  c^se-ved,  without  regard  for  circumstances 
or  for  relative  performance  levels  in  u%o" 
condi t ions . 

In  an  effort  to  lav  the  groundwork  fcr  sor* 
realistic  evaluation*  of  e-juip^nt  eoollity,  * 
number  of  eultivchicle  field  trial*  in  natural 
environments  were  conducted  in  1561-1963.  The 
field  condition*  were  selected  to  represent  broad 
clinat ic/envi ronmental  areas:  the  ttcpics,  the 
desert,  the  arctic  and  subarctic  in  both  winter 
and  summer,  and  temperate  areas  (Swa^o  Fox  I,  1963; 
tfheol  Track,  1963;  Bog  Busters,  1963;  Harrison  and 
Biachoff,  1963;  Swamp  Fcx  II,  1964]. 

The  tests  were  of  two  general  types,  exejwplx* 
fied  by  Swamp  Fox  I  and  II,  respei t i ve ly .  In  the 
first,  the  test  vehicles  are  operated  in  perform* 
ante  of  a  sample  mission.  In  Swamp  Fox  I  this  was 
to  proceed  over  the  general  route  of  the  as  yet 
uncompleted  section  of  the  Pan  American  Highway 
from  Chepo  to  El  Real  in  the  Republic  of  Panina. 

In  the  second  type  of  tests  (Swamp  Fox  II,  for 
instance  --  also  in  Panama),  the  vehicles  are 
operated  and/or  tested  over  relatively  short 
courses  in  the  vicinity  of  a  base  camp.  The 
courses  are  selected  to  represent  various  types 
of  conditions  found  in  the  general  area. 

The  concept  of  examining  vehicle  mobility  in 
the  total  environment  context  is  sound,  provided 
that  the  objects  are  sufficiently  modest  and 
clearly  stated.  In  particular,  such  can  still  be 
learned  fiom  mission^trpe  exercises  involving 
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homogeneous  f  •  coupitihls*  fleets  of  develop! 
■ilittrr  vehicles  •  Both  the  cnri  rc^r-s  r*  t  and  its 
'chicles  i.:d  07s  rat  1  ^rs  •  1  concept?  art  tested  by 
such  «n  operation.  The  t^st  areas  should*  h?*rT»rt 
be  previously  examined  by  ruitidisciplired 
envi  rtmwsnt  al  teams  and  ciarsifed,  insofar  os 
feasible,  by  all  available  p*ai:s,  including  tr, ose 
baaed  upon  mechanical  mcssurements  *  Humbert  of 
the  same  teams  should  accompany  the  exercise  to 
obserre  and  record  results  and  inte  racticns ,  bjt 
should  not  erpect  to  collect  extensive  environ¬ 
mental  data  during  it. 


•A  group  of  vwhiclas  (of  various  types)  may 
be  said  to  bs  homoatntou*  vbee  taco  typw  baa 
approximat • ly  the  «u«  general  ptrfomnct  Isvtl  la 
•  numhar  of  different  terrain  types  of  Interest* 

It  la  evi^e^t  that  if  cue  type  of  vehicle  atti^sad 
to  .a  operetta*  unit  i#  ii|a«flcaaUy  1  ess  mobile 
than  the  ’-•at,  the  operation  matt  be  geared  to  lte 
low  performance  level. 

The  various  types  of  vebicl/s  within  a  group 
may  be  said  to  be  oomvotibls^  from  a  mobility  stial* 
point,  when  they  can  be  used  o^fr  a  given  path  la 
the  terrain  types  of  interest  tiseatlally  ia  asy 
order*  This  la  nort  easily  understood  by  consider^ 
lag  two  machines  which  might  be  Included  la  a 
homogeneous  fleet,  as  defined,  bat  which  woeld  none* 
thelesa  SOT  be  compatible*  Two  seeh,  approximat ely , 
voald  bo  a  good  *^*cra*  mad  a  recsnt  "Jeep**  Vhlle 
both  might  Just  negotiate  a  fieea  virgin  stretch  of 
•Oft  ground  (and  would  iasce  constitute  a  boaogeaeoma 
fleet  for  this  particular  terrain),  tv •  Jeep  would 
usually  be  unable  to  do  so  after  the  CC-5?  had  xade 
its  pass  or  passes,  leaeiag  larre  ruts  and  a  uni; 
destroyed  terrain.  *he  COia**  performance,  no  the 
other  hamd,  would  be  geoerelly  unaffected  by  prior 
passage(s)  of  the  Jeep*  A  similar  situation  coeld 
develop  la  lightly  wooded  areas,  where  the  Jeep 
might  readily  thread  its  way  through  first,  bat 
night  haw#  extreme  difficulty  negotiating  the  stamps 
and  fallen  trees  la  the  wage  of  the  larger  machine 
(luttall  and  Cohroa,  196b]* 
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*•  are  still  no  t  t  o  i^e  ',int  *  ~ere 
direct,  comparative  evaluation  cf  a  Urn  number 
of  widely  different  vehicles  cart  >:e  anything  but 
instructive.  TMs  t tp*  of  program  is  test  ccn* 
ducted  in  a  base-crap  t>pe  of  operation.  It 
probably  need  nst  be  Cere  in  especially  reaote 
areas.  Adequate  araiog  situations  can  be  found  cr 
created  for  most  of  the  significant  tarratv 
feat  ures  of  an  environment  in  restively  accessible 
locations,  if  these  features  have  been  determined 
and  adequately  detextbed  and  neasureo  Kv  competent 
environmental  survey  teams.  rise-camp  multivehicle 
•valuations  which  for  some  special  reason  (such  as 
cadre  training)  must  be  conducted  in  remote  natural 
environments  should  he  thoroughly  planned  well  In 
advar  j  on  the  basis  of  sound  environmental  data. 

Th  #e  must  include  both  general  coverage  of  the 
broad  area  o5  interest*  and  the  very  particular 
information  necessary  for  the  selection  of  valid 
test  courses. 

The  problems  of  evaluating  the  mobility  of  a 
number  of  different  vehicles  by  means  of  direct 
comparative  field  testing  are  more  complex  than 
might  at  first  appear.  The  environmental  vitw* 
point  does  not*  by  itself*  guarantee  meaningful 
results.  Sensible  vehicle  test  techniques* 
knowledgeably  applied*  are  also  required.  Obviously 
these  are  not  matters  which  can  be  left  to  take 
care  of  themselves  in  the  field.  The  entire 
exercise*  from  planning*  through  conduct,  to  its 
wTtp-up  in  meaningful  evaluations  of  and  general¬ 
isations  on  the  vehicles  mnd  environments  involved* 
requires  a  breadth  of  viewpoint  and  competence 
whiciK  is  just  developing. 
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•  Marshall,  tit 4, 

The  point  hot  boon  taken  that  «((*ro«4 
vehicles,  end  ground-crawling  oechinet  in  general, 
•re  an  old  business  eren  though  study  of  their 
off-road  perfornance  within  •  foraei  engineering 
franework  is  not.  Progress  node  in  the  put  IS 
ytars,  both  in  the  dowelcpnent  of  the  technology 
and  in  the  production  of  practical  vehicles, 
whether  sirrd  with  tho  blessing  of  fomal  »e:h* 
nolcgy  or  not,  oust  be  judged  in  this  context.  It 
is  not  properly  gauged  against  the  newer,  wore 
glanorous  engineering  fields  but  rather  against  the 
progress  of  the  autonobile  itself,  progress  la 
structural  design,  ship  work  perhaps,  and  in  other 
similarly  nature  engineering  areas.  Moreover,  as 
in  these  other  nature  areas,  off •road  vehicle 
progress  has  in  part  been  the  result  of  iuproved 
general  understanding  of  the  p  rob  leu  per  ee,  the 
availability  of  better  naterials,  and  the  overall 
aJvance  of  all  technology,  as  well  as  to  the  narch 
of  its  own  particular  technology. 

So  judged,  the  practical  advances  of  the  put 
2$  years  appear  acceptable  if  not  exciting.  There 
have  bean  no  "breakthroughs,”  either  in  the 
research  or  in  practice.  As  a  natter  of  fact,  one 
of  the  najor  results  of  terrain -vehicle  research 
hu  been  the  clear  indication  that  there  probably 


will  net  b®  *ny  b  re  «k  th  ros.  f  ,  n:  »**ic  solutions, 
v,jt  rather  enW  continuing  yea r*^y*year 

gain*,  TMj  Is  to  be  expected  in  a  *«ture  field 
and  Joes  not  necessarily  reflect  u~on  the  quality 
of  the  research.  3 re akt it rou gh s  *ay,  prooably  will, 
occur  in  the  gtngral  field  of  off-read  tran$port, 
but  they  are  unlikely  to  com*  fro*  research  which 
it  focused  solely  upon  ground *c r awl in g.  vhen  a 
breakthrough  dees  cone,  it  will  cow  from  work 
essentially  unrelated  to  study  of  the  intimate 
relationships  between  the  ground  and  a  vehicle. 
Advanced  ground  effect  machines,  or  still  more 
reliable  and  effective  helicopters,  for  extmple, 
ear  ultimately  prove  to  be  thw  best  solution  to 
the  general  off-road  problem,  but  such  solutions 
will  lit  outstde  the  envelope  of  limitations,  real 
aitd  arbitrary,  imposed  upon  ground  crawlers  by 
physical  laws,  by  the  state-of-the-art  in 
supporting  technologies,  and  by  economic  considera¬ 
tions.  Thus,  the  search  for  increased  ground 
mobility  in  our  military  vehicles  must  rely 
essentially  upon  better  exploitation  of  available 
technology  and  on  the  demons trjtion  fif  it  is  true) 
that  the  currently  accepted  balance  of  conflicting 
requirements  which  limits  that  exploitation  is  not 
optimum  for  the  new  jobs  which  must  be  done.  This 
is  a  systems  analysis  job*  It  is  naive  to  believe, 
however,  that  seen  analysis  can  improve  the 
situation  by  anything  like  the  order  of  magnitude 
that  a  true  "breakthrough”  might  achieve  (Hitch  and 
McKean,  196S]. 

It  is  also  naive  to  believe  that  our  current 
vehicles  do  not  already  represent  a  high  degree 
of  optimisation.  This  has  not  been  achieved  by 


formal  :~*ns,  but  t  he  vehicles  we  Have  we*  tie 
result  of  a  kind  cf  “iartetplxce  cp t  i  wi  x  it  i  cn  f  a 
ccn5?u  $  of  experienced  and  responsible  people  a* 
to  the  prcper  ccyprouist  between  whit  is  desirable 
md  what  is  technically  ind  cccr.?*! ci  11  r  ffisi.lt. 

The  tera  li'eml”  rehicit  has  teen  wi^clr  i»e d 
to  derogate  earlier  efforts  it  reaching  in  optimum 
military  "tchint.  The  failurt  of  standard  military 
vehicles  to  negotiate  cn#  or  another  difficult 
stretch  of  terrain  is  frequently  cited  as  the 
result  cf  accepting  a  "universal"  answer.  Clearly 
«ny  wachire,  optimized  upon  any  basis  except  the 
achievervcnt  of  absolute  acbility,  will 

sooner  or  later  encounter  similar  eabarrassing 
situations*  This  is  t*e  nature  of  opt i mi rat i ?n . 

The  crux  of  the  natter  appears  rather  to  re 
that  current  vehicles  are  optimized,  perhaps  oost 
often  unconscious ly t  but  sometimes,  as  in  the  case  of  the 
KBT70 ,  deliberately  so  {Katscm,  1966.  Shioritx, 

1966).  for  the  type  of  terrain  and  type  of  opera* 
tions  «‘ch  art  currently  anticipated  if  war  cornea 
to  Europe.  It  may  be  said  that  the  current 
vehicles  ..re  optimized  to  a  high  degree  for 
European  operations  as  foreseen  by  our  military 
establishrant . 

Our  present  concern  arises  from  the  fact  that 
we  new  recognize  the  need  for  machines  to  operate 
in  areas  of  the  world  which  are  quite  unlike 
Europe,  climatically,  ecologically,  culturally, 
etc.;  areas  where  our  "Tu  rope  an  family"  of  vehiclas 
la  obviously  far  from  optimum,  often  totally 
useless.  These  ere  not  isolated  spots  or  small 
areas  requiring  "special  purpose"  vehicles,  but 
extensive  segments  of  the  globe  where  the  difficulty 
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u  and  w^ere  our  best  standard  vehicles, 

eveT  w"n  functioning,  do  so  tea  close  to  the 
ragged  e^cc,  too  srjch  of  tvs  tine. 

The  true  problem  which  confronts  us  is  not  to 
develop  a  scittering  of  weird  **special  j:jrpore" 
vehicles  anJ  toys,  but  rather  a  whole  family 

Af  waving  vehic'*«,  '^»intd  and  optimned  for 
these  significantly  different  and  more  difficult 
conditions,  and  to  do  so  far  wore  rapidly  than  was 
done  in  the  past  by  trial  and  error  f~r  wr  present 
Lurcyean  faeiiy.  TMs  too  is  properly  a  systems  analysis 
job. 

The  total  system*  approach  must  of  course 
include  such  things  as  strategy,  l0fist.es  {of-  ^ay, 

1964;  Vassar,  1964;  gulp,  196$) ,  dollar  costs 

[of.  Heynont,  196SJ,  doctrine,  and  total  operational  concept 

{of.  Howie,  1961).  It  mist  include  alternatives  to  off-road 

vehicles  Ifhiiippe,  1964;  VXEA,  1965),  *nc luding 
aircraft  [of.  Humes,  196S),  and  various  levels  of 
engineer  or  air  support  of  vehicles  having  lesser 
degrees  of  off-road  mobility  than  may  from  tise  to 
time  be  needed  {of.  Ktrktring,  1964,  1965). 

Assuming  that  a  study  involving  all  of  these 
elements  still  dictates  significant  roles  in  these 
geographic  areas  for  off-read  vehicles,  then  these 
roles  rust  be  specified  quant itati vely  both  in 
terms  of  the  job  to  be  don#  and  the  terrain 
in  which  that  work  must  be  accomplished*  It  must 
also  either  assume  or  develop  a  generalized  value 
system  in  which  dollar  costs  can  only  be  one 
factor.  To  be  realistic,  both  the  mission  profiles 
and  the  value  systems  will  still  have  to  be  speUed 
out  in  relatively  broad  terms  because,  although 
theoretically  possible,  it  is  io  fact  inconceivable 


279 


for  tbe  riiitarv  to  have  a  tfpirite  vtmcle 
t  st  lore  j  to  cif  rr  rr»  siVi*t‘en. 

Th*  systems  anslysis  must  be  supported  by 
vallJ  te rrain-vehic le  te  1  st  t  ;nship«  rr.d  oodals 
and  br  •dro'i.f*?,  portlr.ent  terrain  data  translated 
or  at  least  translatable,  into  the  specific 
engineering  values  needed  in  the  terrair -vehicio 
leiataonsmp  oooeis.  Means  for  acquiring  and 
presenting  such  data  have  been  Jeatcnstrsted  in  the 
HERS  program  and  there  Is  already  a  growing  body  of  useful 
data  I*/.  Pula  et  al.,  1963;  Hills  and  Clagg,  1964; 

Kennedy  and  Rush,  196$;  Leighty,  196S;  HEPS,  1966; 
Rojanasoonthon,  1966;  Slots  and  Lastallne,  1966;  Ssssett  et  al. 
1966]  on  specific  proMca  areas,  both  geographic  and 
technical.  Means  for  generalizing  this  type  of 
data  are  also  under  study  (Hrldndge  et  al.,  1966]. 

Syatens  analysis  must  also  have  available 
the  generalized  state-of-the-art  in  vehicles  and 
components  and  Include  full  consideration  of 
other  militarily  important  factors  - -  such  as 
durability,  reliability,  and  maistainabi lity  •• 
which  have  rivaled  mobility  as  elusive  concepts 
to  quantify. 

Of  all  of  these,  perhaps  tha  question  of  the 
ultirtte  trade-off  value  systeu  is  the  most  per¬ 
plexing.  Indeed,  this  is  the  "hardest  part"  of 
operations  anslysis,  which  as  a  science  has  aide 
great  strides  in  analysing  naval  and  air  warfare, 
but  is  still  "far  fro*  having  a  good  grasp  of 
ground  operations"  (Hazelwood,  1966).  In 
coaaercial  operations,  dollar  cost  is  paraaount 
and  tha  elements  of  cost  to  be  considered  caa  be 
aaaily  specified.  In  adlltary  operations,  oa  the 
other  hand,  tha  value  of  a  few  ai  its -par-hour  gala 
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in  i^eed,  a  fr*  mles  shorter  route,  or  a  frw  per¬ 
cent  1  *■  5 j  likelihood  of  bozti^Z  cannot  actually  be 
reduced  to  dollar*  and  ctnts,  althtujn  indtrectlr 
this  1*  in  effect  done  regunrlf. 

Many  of  the  eieeents  of  s;  stems  analysis  as 
applied  to  off-road  vehicle  operation  have  been 
tackled  !<•/.  Pt te  rsoo,  I9S7,  1951;  teUer,  295*; 

Davis ,  1953  J ,  and  its  fetsibillt y  as  a  preliminary 
to  off-road  ▼eMcle  dafitu  ha s  recently  been 
demonstrated  in  several  published  studies  l*f-  i?*4 

Bekker  «nu  Ejtterworth,  1364,  196S;  Ehrlich  et  el.*  1964; 
Fielding,  1964;  Sutton  et  al.,  1964;  Hettam,  1964). 

There  is  no  question  but  that*  with  the  proper 
degree  of  realise  and  accuracy  both  in  the  models 
and  the  input  environmental  data,  the  development 
of  soend  vehicle  design  targets  cam  be  done  rapidly 
by  this  route,  it  bean  stressing,  hoeever,  thiit 
the  answer  will  be  little  better  than  the  concept 
and  realism  of  the  complex  mission  profiles  u^edr 
the  accuracy  of  terrain-vehicle  re latiocsnips  used, 
and  the  adequacy  of  the  environmental  data  used. 

Note  that  these  represent  three  distinct  types  of 
research  results  -•  operations  research,  terrain- 
vehicle  research,  and  environmental  research. 

Granted  then  that  the  systems  analysis  as  a 
part  of  ground  rehicle  desitn  is  feasible,  desirable, 
and  needed  at  this  moment,  bow  should  It  be 
Implemented?  Where  does  it  fit  im  the  overall 
design  precede  re?  Who  should  do  whet? 

The  broad  systems  anelysis  which  considers 
mil  alternatives,  including  g  rowd-crmwllng 
machines  as  only  one,  which  includes  strategy  and 
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doctrlre  cr~*  i  rat  i  ?r,s  f  and  which  formulates  the 
orer-Zi  mzssirn  pxcfilrs,  if  clearly  *n  operations 
•  nflvsis  f^r.ctirn*  Par***etr:e  engineering  resign 
studies  and  detailed  engineering  design  are  as 
clearly  the  resncns iblli *y  of  vehicle  eng inters. 
There  is  a  grsv  area  between.  This  Is  the 
essential  lick  between  the  two,  tht  cataloging  of 
the  absolute  nmsut  of  mechanics'  constraints  oa , 
and  the  reduction  to  quantitative  engineering 
terras  of  the  p?  rfcrmance -terrain  matrix  required 
of,  the  4 f  it  is  satl^facturil/  t* 

natch  the  mission  requi  rements .  This  is  a 
formidable  assignment.  It  appears,  however,  to 
be  more  nearer  me  faction  of  u  operations 
analysis  group,  perhaps  an  "interp retire**  opera¬ 
tions  analysis  group,  than  a  part  of  engineering 
design. 

The  vehicle  pe rfontance -terrain  matrix  in 
enpineering  terms  becomes  a  testable  specif icatica 
which  the  vehicle  engineer  can  use  as  the  frame- 
work  for  parametric  engineering  studies  and  subse¬ 
quent  detailed  design.  When  the  vehicle  is 
offered  in  metal,  it  becomes  the  basis  for  Judging 
tb#  success  with  whi^h  the  vehicle  engineering 
been  achieved,  and  automatically  designs  the  first 
round  of  tests  to  which  test  beds  and  prototypes 
are  subject.  Tv#  adequacy  of  tho  testable  terrain4 
performance  matrix  itself  should  suhsequeatly  be 
determined  by  field  testing  mitbia  the  e*ope  of 
the  operational  doctrine  developed  bg  the  initial 
operational  anciiyeie. 

Some  such  clear  diTitim  of  labor  would 
/accomplish  a  number  of  salutary  tnlags.  First, 
it  mould  place  responsibility  for  correctness  of 
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t»i*  uf  ore  rational  situation  with  aa 

CT?arat i r.r.t  analysis  grovp  who,  is  turn,  would  be 
^  forced  to  *ojid  operation*  research  ncdsli 

»etkc"Js,  a->"uate,  valid,  en»(  ronaeatal 
data.  It  would  plica  responsibility  for  the  actual 
aechanicti  driign  of  aa  optima  machine  to  aaet 
performance  apeciflcd  la  engineering  terns  wholly 
4  with  aa  engineering  group  who,  la  tom,  would  be 

forcrd  to  deaand  valid,  acenrata,  terrain-vehicle 
technology.  And  incidentally,  it  would  get  the 
engineers  back  cm  tS#  drawing  board  whara  they 
balong,  e»:< 1  theugn  playing  at  geographers, 
f  ecologists,  rr  hydrologists  it  arideatly  aora  fun. 
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Th«  c-jrrtnt  Itite-o  firt  cf  dtsiga  of 
mlitsrr  vyhiclrt  \*  f ur dsmrnt all  v  vuUtt  in 
tw*  r~ute  ►»/ 

which  «  field  r? vur?*?nt  eventually  bicuM!  % 
veMcl*  *-«-v  for  p rod  »ct i  m,  !Ms  coaaittee* 
ridden  process  i»  curtclcrlztd  bv  e  comingling 
of  research  a-'d  cen  ;n,  jack  cf  job  uivisiom  a  loaf 
sound  professional  and  functional  lines,  tad  pertly 
a*  t  result,  isck  of  testable  perforRWice  spec!* 
ficstions,  and  .^ncf  cf  clear  Hat*  of  responii* 
bility  for  vsricus  aspects  of  the  success  of  the 
final  product, 

Thi*  situation  ci, j  ii  whether  or  not  the 
problem  is  to  derrloo  •  net i  •'second  family*  of 
vehicles,  the  next  ^ene ration  of  the  current 
European  faaily,  or  s  nsili  special  machine.  ta 
•  eery  case,  ? t re n ^thening  this  procedure  is 
essential  to  ti rely  progress,  including  the 
accelerated  ^mention  of  valid,  responsible 
terrain-vehicle  research  results. 

In  relation  to  ground-crawling  vehicles,  the 
objects  of  any  alteration  to  present  design  and 
development  procedures  must  bo  to  recuce  tht  time 
required  to  respond  to  a  valid  field  requirement, 
and  to  insure  that  the  hardware  developed  does 
indeed  meet  it.  Essential  eicaents  in  a  working 
system,  lading  in  the  present  process,  are: 

1)  clear  separation  of  research  and  develops 
meat  activities  from  the  "requirements*  design 
line;  i.e. ,  a  development  should  not  be  mader* 
taken  in  this  line  tales*  the  complete  reenire* 
meat,  once  prrpsrly  stated  in  quantitative 
engineering  terms,  is  within  current  end 
realistically  projected  technology; 
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2)  division  of  work  of  the  rrQuireaenti  lie# 
along  sound  profess4  m*l  *nd  functional  lints 
with  definable  iattrfsets;  i.t.,  operational 
analysts  should  not  design  vehicles,  design 
engineers  should  not  hare  to  become 
geographers,  etc.;  and 

3)  assignment  of  definable  rtspens ibi li ty 

to  each  functional  group  and  Mans  to  measure 
its  performance. 

One  simple  and  somewhat  obvious  organizational 
sche»^s  which  might  ceet  tha  basic  requirements  is 
disarmed  in  elemental  form  in  Figure  19.  Only  tha 
most  important  feedback  and  communications  loops 
are  >hown.  It  Segregates  three  separate  lines  of 
activity  *•  requirements  design,  compcnants 
derelopment,  and  terrain/performanca  research,  the 
latter  including  the  design,  construction,  and  test¬ 
ing  of  mobility  idea  vehicles.  The  diagram  illus¬ 
trates  their  natural  relationship ,  and  a  clear 
division  of  responsibility  along  functional  and 
professional  lines.  The  proposed  realignment  of 
responsibilities  would  not  require  a  sweeping 
reorganization  of  the  Army,  cr  of  its  general 
development  procedures.  Rather,  the  proposal 
closely  matches  the  current  Army  RID  organization. 

It  envisions  only  certain  simple  but  fundamental 
changes  to  assign  clear  responsibilities  to  various 
organizational  elements,  and  in  the  prbeass  to 
limit  the  baleful  influrace  of  interorganizationai 
committee  irresponsibility. 

The  first  division  proposed  in  the  require* 
meats  design  line  is  to  place  responsibility  for 
quant  itati  re,  functional  reticle  specifications 
(only),  to  meet  a  are  requirement,  entirely 
with  am  operational  analysis  group 


Vitkin  C2C).  TM»  i-t  alstisn  to 

off-read  ptri^;«i4Ct#  would  £*% ermine  at  t'-m  outsat 
(if  net Sar  or  not  &  ground  crivlisf 

vacMr.e  i*  caHsd  for.  If  so,  c  r  s^tt^as  arsalrsls 
ttc?niv-»»*  i*  would  Cevelep  an  operation*!  concept 
vi-tHi*  tAe  a  feta-e'-t  Ae-«rf ,  and  specify 
the  ia  tuuMi  enginearlng  tim  of  He 

vehicle  reeiad  to  implement  t ^ i 3  plan.  An  inccwpleta 
lllus tration  of  the  t >-p*  of  perf orwnci - tv rra ia 
■strxx  to  be  developed  was  given  earlier  ia  Figure 
13.  T^e  creraticnal  analysis  groun  would  also  be 
responsible  for  the  i**eicpwent  of  an  absolute 
ftinicua  list  of  essantial  design  const  rants  ** 
true  raxirjue  wei^h*  sr.d/or  dirensicns  as  Halted 
by  beltccpter  lift,  for  exarsple.  atxima*  production 
cost  if  this  has  influenced  their  operational 
decisions,  ssbieat  steospheric  Halts*  special 
environmental  probleas  such  as  fungus  attack  or 
corrosion  which  will  be  encountered,  etc,  --  and, 
where  appropriate,  minimus  amor  and  armament 
pcrfcr'HS'te*  features.  The  operational  analysis 
group  would  not  only  provide  the  testable  off-road 
performance  specificar ions  tc  which  the  veMde 
designers  would  be  held,  bat  also  be  accountable 
for  their  adequacy  in  relation  to  the  field  job  to 
be  don#  by  the  finished  vehicle. 

In  the  off-road  design  context,  all  environ¬ 
mental  research  vwl d  accordingly  become  of 
interest  primarily  to  this  $rcup,  Thi»  group  would 
also  *e^uire  the  support  of  research  to  develop 
realistic  operational  eodels,  to  develop  valid 
terrain  models*  and  to  develop  ^enenlixed  para* 
metric  inform!©*  on  the  stata*of*the-art  ia 
vehicle  design. 
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Tvt  d*?ti:ped  Mrf:rtnct^imia  matrix, 
ccnstrs ’-.tv,  functional  featurti,  *^4  the  opera¬ 
tic  1  cc-'-r-'t  {;hs  lattrr  for  i' ferret  i  on  znl y) 
would  b*  fcrwardtd  to  t^t  vehicle  development 
Miner  (*’<:),  *.ho  w~uld  have  sole  responsibility 
for  reecint  in  an  optimum  chcni  ca?  configuration 
the  tcstibla  performance  spec  i  ficst icns  within  t '.t 
liven  constraints,  or  fer  rejecting  th#  Job  at  the 
outsit  as  levond  current  technology. 

If  tve  vehicle  engineers  determine  that  th# 

Job  as  presented  to  the#  is  feasible,  th#y  rert 
develop  the  cptiruw  nachanical  configuration  in 
©r  *  detailed  parametric  and  engineering  design 
studies,  and  proceed  to  design  and  fabricate  text 
«od« 1 s  with  a  ©intrust  of  further  palaver.  If  they 
decide  the  ricMaa  called  for  is  berond  th#  state- 
of-the-art,  they  return  their  studies  with  their 
analyses  to  the  operations  group,  who  nay  then 
either  drop  the  natter  (as  a  ground-crawling 
vehicle},  rove  the  project  out  of  th#  requirements 
line  into  the  RSD  area,  cr,  upon  restudy,  subait 
revised  scecif icat icns  in  the  same  ter^s  as  before. 

Terrain-vehicle  research,  elucidating  th# 
relationships  between  measurable  terrain  features 
and  vehicle  performance,  would  b#  conducted 
largely  in  support  :f  th#  mechanical  design  effort. 
An  essential  feature  of  the  terrain-vehicle  RtD, 
currently  lacking,  vould  be  its  active  partici¬ 
pation  in  initiation,  planning,  and  testing 
of  "idea"  feni cles,  with  th#  hoped-for  result  that 
worm  mobility  ideas  will  bee on#  evident  in  their 
ranks  than  has  been  th#  cas#  in  th#  past. 

Off-road  performance  testing  of  vehicles  »a 
Vh#  requirements  lino  would  be  conducted  at  two 
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distinct  Im.’i,  ti  teas  (T*CCW).  T-*  first  rruad 
of  tost*  would  bo  c  endue  .cl  •otirolr  is  rotation  to 
tK*  testable  performance  apoci  fieatioas ,  sad  v?wiJ 
determine  whether  or  sot  these  hod  bats  a* t  b y  tho 
dost  (a  agency.  These  tost*  would  automatically 
chock  tho  validity  tad  accuracy  of  t>.o  terrain* 
vohlclo  relationships  osod  is  tho  do* In*  If 
that*  showed  tho  vohlclo  to  bo  satisfactory.  It 
would  proceed  to  othor  engineering  tssts  of  prlaary 
importance  sad  to  fiold  tests  ••  alo* f  with  tho 
operational  doetrine  within  whioh  tho  '.oetcble 
performance  epeoifieetione  wo  re  eoneeieed.  Tho 
fiold  tssts  would  bo  ccaductod  according  to  tho 


Supporting  doctrine  and  would  uo  torsi  a*  whothor  or 
»af  tho  vohiolo  and  doctrine  met  tho  origins* 
functional  requirement.  Is  tho  process,  tbo  fiold 
tost?  would  chock  tho  validity  and  accuracy  of  tho 
torrsia  and  operational  aodols  ttsod. 

Such  s  system  could  bo  expected  to  provide 
faster  and  acre  reliable  response  to  many  field 
requirements  for  vehicles  by  separating  RID  free 
tho  specific  requlremaats  ev&iga  line,  and  by 
establishing  quantitative  specifications  which 
limit  tho  power  of  acress*th«*board  coemit tees 
of  chasgiBf  persenaol  to  noddle  constantly  with 
tho  work  ia  progress. 

It  could  also  h«  expected  to  restore  a  urn 
of  responsibility  to  vehicle  development  con* 
tractors,  who  would,  like  eh*  government  design 
agency,  be  under  the  gun  te  neet  truly  testable 
specifications  once  they  accepted  a  contract. 

And  It  should  have  a  salutary  effect  upon  all 
relevant  research  efforts.  Having  once  been  asked 
the  right  questions  within  the  framework  of  n 
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•Hit  .  C  .  J  .  1 .  *****  **  w  .  *  ■  t**19** 

ft.  I.  *#*?,*  f#H«N4,  *r»  ,  v*. 

,  9  .  71  .  ""ttaMa  »»«.  n  i  »4  * «*%| 

9(f*cn»f*4»«.a  f#  /#*»•  I  <4«4  MU.. 

1*1  MM. 


•uomwiTw.  i.  r,  #t  •:.  -»#mi  m***i 

♦#  v.  l.  Mni  zuma,  urn  mi. 

till.  *.  I.  m%4  MV*«1«A 

WfttM Pi  ml  M4  rvM**/  .  .•»,  4#t<«W 

r*fift««Hftf  .'ft*  11*4. 

num.  «.  ®  »m  ».  t 

**4 1 **  riiiiuv*  •#  •  *»!•!#*  ii 

(UtllMUlf  ••ll.*  M.  M  *4*4. 

«1  ?urrr«.  a  j.  *%fei  k»** 

i rrrt  t.  tan  -mi  **f., 

fmr  1  wii.  M*  <fii. 


►A*  t.  .  ~~%4  «•'«!  Mf** 

rwftlli*/  /m.  fiMMm*. 

i  t,  mi. 

^*>  «*  arm  w»*«u  m  *  MmI  f*tt 
"Trtte!.*  OmUf  (#t*M  J*# *%**  i*4t« 
wirui,  4*1  litl. 

•  tOWJ,  W.  t.f  *t  41.  *^4*il«  1— *M* 

ft#*  *1  Hill  *  t*Att  1**11.  AfH«*iav*l 
N>4i**H*».  MSI  • lilt. 

tfOOUUIft  J .  t.  #•»* 

rlltM  eMHatf**"  ttttiA*  f»i«*e  DJI. 
Jni  U*1. 

urmc.  «.  t*  Mil  a**  m«  (AtfMi 
n«U:  uml*t  Arn 

MUH*  #f  •**  imh#  4*ft«<* rv* a* .  Ma# 

im. 

wnm.  (.  o.  tut  Ducjinr  — nentmit 
ttmi*  rntruruiM*/  4  **u., 

m.  m,  its-*. 

-  .  .  tmi  »wwirt.»  f*t 

^n*  (UiMiriM*. 

«rmu,  c.  J..  m*  i.  «. 

'UtiMirt  a*#i  1#  •**.»*.•  *  ►•tata  | 

If At*AM  IK. ft  Mi  9«at,  *4  *«r  ik\. 


»  M*»1*«*m*1  *<*►  #.*  tqvi#  m 

MlrttMUl  Sv»**m  »A4ft*»ta*  *f 

Tftt^tlifT,  ITT  l|l.  >#*.  t*c  11*1. 

ft  MW  V*UU*  VMlHM  ft  *4mU 
U  Hilt”  txwrmm  MD-iU  *4  Tm*« 

mny«  vrr  wi*  «*i  mi. 

_  I  «l  tl.  *lKf  «  tewr  *f  *M4  «Tf« 

i***  ivtMurtMiai  uh*t  t*Tt*i* 
••MtWfft  ft«  !•/•*.•  Im—i  (rrtft*** 

*•  IWiftlttr#  «t  Ift.  ‘>4*%  ft*l  MM* 

4P*  ?•  ••  lAUftt.  “fll*4 
tw«m  •  (jaI  ih*»i  *• 

Vft.  U*l,  1*1  MM. 


_ _  _  J  « 

w..  lx<  »y#r-»i  .  ,  /  *  *  *  *  *-* «  ^4 

'**'•**•  *•*  ~  4  -  J.  *►,  *.**.. 

*  *  s  ->*<*  rw-.^t,  w 

•  »•%•.*  «  *1  «  «.» *  t «  «»i  ■  *»  w  #. 

ril^mT  *'  ****•'*«*-  —  •?*<«»♦ 

"*«w  ‘'*1  »<rt  )<Mt 

-* »* »"«*«-  *  a  m.  »  -  *  *•  **, i#  j 

^  ^  ^  ^  #  J  ^  j  ^  ^  ^  | 

~T^” '  *7  ~irnB  “•**•  **  *S*  f<«*rUf  *f 

*  *  *  <  ■*•  ►*  «ftH*  «Om,b  fvm* 

"*  «-  T.  "Ww  W 

n.^4  miwmt  wm  *f  t»ki ;  ,»*  *,  ,  A- 
T#t«l  iAJ.  .««  H*4., 


MJJ  («MI«H  «%•*) 

—  *r*«»  l*TlM  ;«  M,r  !K9 

OOI  I.«  T„«  ,,„»  - - T -  ,,  ,  . 

'•T?*'"  cr*~*c»  ‘— ***"  •’.  .  :. 

cc**,*!,ft  *  »  tw-^w 

J1*^1  !m!!'  ^  T-  >*•: 

— - — ,  ”lT1*r  •*••••  i  «mi  ▼** ; c in.  mrk* 

w,.“Tr?«  *** tj** "  ***  #••<•*«,  **.  | 

1  *Bf  m*»  *•*  JI.  I  A#c  ifti. 

— ^ Mlttltf/  imw 

W**>f  1M1.:  *'"■**, 

■~rr<t  »«!*"*  ’***«,M-'  «•  N<«w. 
-wVSiSV**  <•*»,•  rw  r^«„, 

TLf^r  n  oct  *m- 1  —"••». 

—rr^  /!r<r,l0t*4  *»m* 

*l0*»  ^  *»*<*••*♦  13  0»C  1M). 

- ‘  77?  ""  %rUi**  tm.- 

Ntr-Jw  1 M4 . 

— -r~  Wmwi  e»m«r»  * 

ilL^Tr*?;  I*  ?  '**  **«  u  ***f 

il  Aa«  w 

— rr~'  \Ar*""Mf  n  Mm  * 

^  *  t«*  im, 

—_•  "JrttrHjatW  tr»«kH  nMtlti  * 
rfc#  j|  M*  dm, 

— •  7**^  ,#?  *  —*#,#<  >n>»M  r«4t  > 
ttt*  **«r*^r  mi. 

aiMMm 
Rn  IM. 

TSnri.Vjirii.T-  “• u  - 


--„  ,  *  *  •  *  M>  |  |  •  *"•  0 

T  c  i  **«  *  ,  *  *j  , 

**»  *;•*  i«  4i*,  ’  ^ 

-J-  !  **,K4<  ^  ,T*  ^  M  tMI 

<*«  ^n.  U;  t,, 

- >.„.y  '*  ^  M**r^  *4M|.»»,n 

*n  j  ir»j  Mtlw  »*•♦»,  /  m  |<4  d«4. 

*  *  1  rT  1  ^  :  H« 


^  m4  ;  4  r?t*$  ^ft|r1 

•«  /t  J«.r^  r^t 

•  4  K.\XM{9  !*•!•*.'  ',4.  Uv  . 

Mm w j  intn%  T  p  t  »onfT  "**  |>ft  • 
**•”•••  ^,j  Ui«. 


*^*>'*.  *  0  ?  *\  ki.  M i i •♦  — uu  ibiij 

f«?  «0rV«a»ti‘r%  *H|>«rr  f«M<  b*«  * 

|  Ht.l,  fU 

*m*r  9 1  #  4i  ^  i#t4> 

0JWff*  11  *  ~*v*  -mmm  *f  mu 

*  *•**  *  *  *'**<  tlf  **  •  *+m  90  *• ,  -Tmm 

1  1.  IH4.  * 


-  tt  m  »4»t|  rvTT'«|  ttlMtmm  ' 

'  w  * 

* .  »  4(  i;M. 

*****  “**•**»•’'♦*»  >«C  N<ip—  % 

t*1  ;  r*r» 

*****  *f  *»*  »=»<.  #.  ci 


rawrt.  %.  u.  t  ;i.  Ti-Mja  mh»  ,  „,  l  h  . 

J*J  -A,,,  1Ml<  "• 

».  ..  ^  a .  *.  DVXI.  -«H> 

‘1*  *®t  ••>'*•»*  «IUtir 
irmk,  iui»  IH4, 

f*lk\.  ~**m*mmt*z  TMkU,*  rw 

ii  M  iM. 


*******  3-  J*  »D3  (W  tf  nrrf 

*■  »• 

•**•"*«•  ~~r,, 

■»!*»•  rt  rt, «  **  t  r,  i  *  r<:(t)M.,.,>|  im 

?**  +*  »«ti^4i« 

*— y.  ■  *  "*-*r'*rT  ;  ••  *e«»r»T  rMit^wt  « 

T^!~r  •wvt«*  c*«.-  ^ j. 

c.  i »  *t  »j.*  “i  tfia*  *f  «k« 

Tttrnc*  ^  *••!  ^^I'«  ;• 

v« 

fMt— r»t 

*?U  **  £»**» 


**  ITT ,  IF.  I.  t  rr*tk*i  t«v\««  *f 
•fj****4  *9  t  ~im  || 

-TM4  «s»i  I  iJ'f  *f  fr«.U4 

4$ At*  l^t*.  *4 

Ci»U  ,  Li  twp 

*TW  taad  VW4%  rrftm ** 


* 4  *' 


*V  t\  w  ,  * 

‘  r  /. 


'  -V: 


!  » 


.V  .\iv  . 


“»***  rx  \  4 
3 


e?  P?.  *u  -  nr) 


■  "V^v  4  » '  T  *<  I"*<N  rfl.rlH  t  « 

1*1  *  <*'  .w  -  »*#. 

w  ******  .*>•'.  rf  </*rf.  v^^*<  CM*.. 

^  Uk*<,  Iff  'r1r«»tt| 

rr  ‘  «  r«  |  ♦*  !*.•  _~a  .  «  -,4# 

,r^  "*  *  •*  ~ 1  *  •!  »M«l  rV 

1  •*  p  If  w  *  *  »Ht*f|  •  »  r  <»t4| 

*  '*  *  '*''**  •'*'*♦**  ,»*»tli(*  .  *  r  % 

F'»r..9  *  *_  Ml  Cyt  M.  i**9, 

_ _  **  ***ti%*  p*|  t^>te  l 

'  fwr*f  »t  **••♦  **  •••**  p-r  tt>4t 

*♦’**'»  "-  /  *  »rt^p«  #.»-*'•' 

~*t  Maw  ryt.  *#.  i  il, 19.4. 
UtLLIP*.  ft.  ft  Mlifr 

r  »«*•  rr  li  fntlMI,'  ^htl.tv  J  rr~MI . 

/  #  Qc  »  1*44. 

r  ^•rrl»f*f.-  tfltuk  Ptt«H 

r.,<*i,  :m4. 


■  *4441 war  i*4  *>Wf  rarr 

TTTUaA  r» t *»4  :mh,  14  l*y  4*U.' 

nrsi'T,  ▼  c  iif  v  »  r-caiu. 

*  »**•  t  ««at  eiJJUrt  i  pf  »a 

?*•**•»'  l<  tint.-  ;aw.  ♦  V# 

:  +  *  0m*  l  «.#ar.  »f  Iff**,  Qmm* 

car,  <m% 

K4-U  5Tt;rS.  4My,  *;r  IHt. 

rt  »i»-m.:  Nikin,  its#. 


r*A*r7,  “. 


«t  ai„: 
.*  Ud, 


~A*wwa  *\ 9eai  laa 

m*  im. 


•  1.  •*%***  »'M«U« - f - 

*  A^HI,  ferr  194$. 


—  «»4  # --  A.  UI.  kritiM  tuftrt 

.rtuni,"  5-M,  itw.' 


WAT**,  ?.  L 


•tkUJH 


t  -xaa  -watarr  *  ic  (wiitl'ii  * 
rtr  .  .'.itU^Uat  ♦  ? 

**«  LJ.(-^*tr»,  X  rt*n*  LJtowT,  1<  A^f  |I5». 


*-  #.  <*f  t flftttft  la 

"»l«!ti|  irwi  y>rtwi  »,*  UI, 
Arv  mi. 


fttfTt  J  it?  T  3.  — *r»wtlalaa  c f  tarra la 

(Uuiilrtut*  iv  f  1  r<al«f  ,*  >:  itaf 
aattawai  raiv«  *f  r»T*» »t 
Or  r** i  i At  tea  a  ,  f*'*  1 a  •  «4  Fiht  t  mi  rC  ft 
raatita'a  *f  C  wa»  aa .  Mtml ,  ii-if 
^  19*4. 


v^r-at  cxsrrr rr  catcajrr.  imk»n . 

rMMitu,  La. .  «:#4, 

Q01K*  w .-  »  "Arwy  MUItr  it  tr-*r| .'* 

ZaftMtHM,  If  Jf  }HS.; 

**li1  ‘  t  k*«f  fki  *  f  Mi  1  7  * 

n«;ft.  1  7  1944. 


I.  V.  ni  f.  S.  U9I, 

•  ^tAU/  t?ttt  m?  cm  i  l*+4  rryaalc 


1  FV» 


_  *^S«M  fjB  fat  M*M>t  f*«  >t  M, 

-w  .*4  *£  w»atli  f  *  **  I^t  (.?  »-T  -  *,  - 

#/  **4  'mM  »«»4  »  '  f »  «>4  #«4| 

1?44. 

*A4^T  i  f  »«  . 

4  *  Matt  Ir-Mt  y  -*  i-r  m  -;  #*«i  »• 

*f  tW  •  tP»<*  I  r«  •«  ,f* 

1444. 

WWfltH,  J  V  * w  x rf  !  i|  •  t  ^ «  •vy 

»*a#»  4*41.*  ?*,»  ,  *,»  t  ,, 

II.  1K7. 

J  .  **Wm>  9  I  .’»*  »~-*  <  i  » «  ' 

OuM#/  if.  4.  ffat*  ^M«»w  />  >..  f 

l»4f. 

•••#!.  "Tr»eft,  (irftt 
ftl«ft  M4fUtTr  i  m  4*4.  PO.tf*  * 
AfAC.  «MT  AM. 

I.  C.  A.  ••Hlf^lil  MUt  y > aa l tta 

Mtw«l  Hill  »»  tl)Ur«  »•«*.»« 

#%rt  It:  «f  91«m  f la 

•  rtlfUUl  4*1 1  •.  *  <f  «w  *>^4, 

Taj.  »  [19+*.  £4.;,  i^4* 

UM,  1,  1c  «t  i  *»»  af  '4iM« 

•f  f  il,  *  ##**•»<  f%«  UllHMt,  .« 

U3CT.  a.  ft.  4*4  J .  /Mm.  ~%m  a«Mt  »f 
truU»r«f  AiU .  »>c  i/lf. 

.  4*A  ft.  fTtLl.  **a  lorttf  i  r»»  *  t 

Tti*  tto  raliditf  af 

■441  UtT  m.f  4>t.  fti 

Wirt,  «  M  l/»l. 

.  *#M4U4i  •#  till  r*i»<U 

•STftaaUt,'  rmnmrnmm t  >.ft»  U4«. 

Art.  4».  ft47ft  tar  1*44.’ 


_•  "W  NaAnvitil  Mtn  t  mi  «f 

ETrtAM*la«  »<l«4H».*  «• 

I«tt*  ■**‘4ri|t,  itlltiti  «f 

IbcWiUai  £»f  ia**rt ,  144f. 


-  TrlAci»t4«  «f  uii-Mic 

t9ttm  *4  HkWhkiI 

wftU*  M».  i#  ant  mi). 


*t 

l#)i* 


*^549  M4«c  t  « f  ♦  rrrl- 
*  .  *f  U«  iiAl, 


!•  ft*  ^ft#t*4W«lt  tf  fw»l  Ml 

tract -tr^a  tract**  um«,*  9.- *m.  «/ 

fcW  4444,  1:1,  ?)«. 


imicMi  u;uh 
.  /».  #/  /» 

lit,  IH4. 


tow,  j.  “flttlli!  ftltaMt  n*  **%• 
itlili  sf  tfta  tractar  di  ttjt  cw  u«u 
af  «a««TU<  tractor  1  tr ,  - 

Aa  t  lafa,  <*a  mi. 

W*  M*M.  %4t«  m4  laaar  ctaaaaa  af 
Kltft*trtic»U«M  4mIm  tiawyart 
WftUUt,*  CTTAC,  /|r  im. 


am  #1*12.  nttc^y 

0*41  #*  2  m  1942 


ttr|»t  !*!/•  taa. 


fttrr?«.  c.  a.  «m  m  c.  imn.  *r*atati« 

farfaraaaca  af  aftaaiaA  Mkm," 

Uft  »a.  If.  Mar  itU. 

wrrnMi  ft.  ft.  ‘imi  ta*it2«.*  7.  ft. 
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i.ia.iu,  jt  Hi*  i*. i 

M  Aft-Ill,  *  Ur*  %  •  fm  I,*  t  mm  •.(  M*r 
M  I  fr*« 

«v:it  I  «*  M4  ►  «  ri*m 

*  f*t  irttMa  *•% 

I  N4, 


•  c.  l,  “*mi » «•  •**!•  *t  # 

iMm#,*  ^lll  .  #  /  *  W  41*4.  1  4,  i  *  .  I 

IXCTT^?,  T.  *”  i  «  1*  !%*«■•••»•« 

M»***  a  a. •*•?*#  «*  «*  *U- 

*••  I'tAJM.*  |N*»»I  ►*»*•! 

IMI,  1  lit  • 

mat,  w.  i,  Hir.  j  r*tv  -Kin# 

•  nf  ilf  trntHtl  t  *  I*. 

tunUuft  »*•<#  •#  •  »*  «*4 

♦  r**  1UM  i«m 

MH ft*  *•*."  <» tt« II** rtaa  «»«  I  *.»|  uft  , 
»•*.*  tH.  I,  >•!  I  tit. 


»»•  **  **<*  *4  ■  «4 

••♦***  *  Ml  14*4.  *1.  *  4»J. 

—4  41*4. 

•  •  4  '••m  *  -  ***•»  . 

"  T*^  U*.  I  »  I  M4  .'it,*  »>♦  >.  *lft 

#*».  AM*,  k*.  I  <1*.  «*f  iftftft. 

»  *  '  •  »  |*M*4  pn*  k  •  4  ""W  ««* 

•  *f  ,*  **l  K  »,  <9* 


{*•  t*. 

•*11.  m  *  iM 


W.  I.  I.  •#  mmi  :  * 

(*•»•  ••  «*•»**  *•*.•♦#  t  •  4  4  •  •>'*  *4  f* 

I  f«M  I  .  *  4  M4  *  **M  •«*!•  .M,  .  '4  «M 

.♦»'/  r  I  V  «  «M»  *•.  I  4  ill* 

M>»  Ifk#. 


.  *mii  viil  |« 

TV  ft  •*  »M  IMft* 

••»<».*  ft»  *M.  r«f*f  *». 

4  4M.  Al  IMI. 


KMm.  ft.  C.  4/  Am  M 

Int  ;uwit*  •  i  ^im«N 

U*  4  (M,  iM.  *f  MU  I  ***m*tll  **4 
AMm  |«f HMff ,  iff  IHI. 

»»tinp*,  C  t.#  .1.  ^maiiii*  omA 

him»*  VAft ,  ; 0%  i»*i. 


inti  kronu  mt%.  t*».  *>*»■  1 1 

tftfvlar*  C«;f«rr.  lit*., 

».  mi. 


*.  1.  •#  ft**  nn  «• 

wftfrt  •!«•!,*  ;*vr.  */ 

y>M— niMlM,  1:4,  Ufti. 

iftliwy mwM.  I.  Tmh 

M*  »f  ItWv  *r«M  t«  1 1  #-4* 

ft  mi.l,  mu  CaaifMl  %t.  ft**  hill, 

<Aa»  IHI, 


,  ft.  t.  “ftlHfli **4 1 «  •!  fl» l|« 

•MtAft  H  4 1  Uf 

•*♦»<!•  irAtrtlH,* 

4fH*.  4M  I  4ft  ft  • 


•*4  ft.  A  KU. 

T»il»  •  »»!  •  **  *’^ll  m  ••«*•»(  a m4 
•iMfll  ••It*  *  OS  AH,  fa#*f  Aft. 
Mil,  Jti  lift!. 

nnffjfiHMlr  ft*  *  MfM  ftflMl 

rm * . •  i.m«.  »#  m %•*•»*« 


Mtf  ft  l  Mf  M  Vf  »M|  *M  I  hTf  ,  Uf 

mi. 

.  ‘•Htffl'Ailllf  (Mil  *tu  fW 
“TTfft  Cf55  f  f  >4  /  I  4  M  ftM*  m4  *  Mm 
ar»t**4  miU.*  vig  Am.  f*t*f  «. 
ft-4tf.  Iff  Mftt.  .. 


fST 


"tnfflCAilUf  9#  Hllll  i*tl» 
cMfi**rt«ta*4  ftftilft  ftvii  Mir* 

11*4  *M  im4  MftlfiM.  IHI* 
r»l  f*fi.  Mft.  mm.  ft  J**,  IHI 
Nftfl.,  M*?  IHI* 

i  m  fti .  « 

WiftH  •fi«U  fftrrfttft  ’Miltfl; 

HHftf  mi  (•!«•»*  \-ft.  t.  M. 
w*  iMft.  in.  «ft.  mu,  om  mft* 


■■Ml.  f .  IfftMfftftlHfft 

*******  imt  IftMtr  *m nu«iit*  ft vi ,  on 
IHI. 


«WU.  *-  9.  md  t.  S.  'Xt/HM,  Hi. 

#f  f*Ml 

t*l.  It.  wf ,  •«  Nmi  Art*  i * m. t •  m4 

Arlftft  nfMfttrti  fttlf* 

wrrwmwk.  t,  ▼.  «m  i.  i.  i^xwnc. 
•Ta  Dm  yftvfttilftfUi)  ntt*M«  far 
h»I<i#  rUa  »«r  <MM«,a  ;*•«*.  rmt, 
HA  IH4* 


wt,  t*  1.  mft  ff*  umi . 

*♦  *mmm4  m  aloaiti  ♦#  4  -•  n  »f  « 

laal,*  :*#m.  ♦/  tia  Aia,  ft  I, 

IHI* 
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tba  <iiff«renct£  cay  not  t#  as  (rt«t  as  th«y  ipprer. 
Accordingly,  it  is  iiitructirv  to  C«riro  (rzm 
so  index  of  Halting  parforaanct,  sad  to  coapare 
tha  results* 

la  tha  following  exercise,  tha  nominal  unit 
ground  pressure  cf  a  tira  (or  wheal)  is  arbitrarily 
defined  ar 

NUGP  •  gJ-  (p»i)  (111*3. 1) 

where  Wj  *  the  (average)  gross  load 

carries  ca  a  single  tlr*  (lb) 

b  ■  tha  undeflected  tira  section 
width  (ia) 

r  •  d/2  •  tha  undetected  tire 
radius  (ia) 

1.  ""he  Fhlt-^d  Hobllltr  P-ctor 

Aft  a  result  of  extansive  tests  during  Wtl,  a 
series  of  guidelines  for  properly  siting  the  tires 
of  silitary  vehicles  were  drawn  up  and  published  by 
the  Engineer  ? iard  (Ihlcnd,  13«S).  Ccasidsraticus 
ia  tire  size  sslscticn  included  normal  (Liglviy) 
sad  low  pressure  (off-road)  operation  iron  beta 
ground  nobility  aad  tire  ecaaoaic  viawpoiatj.  The 
coecept  of  aa  eptiaua  load  and  Inflation  for  a 
give*  site  of  tiro  ia  a  given  service  wan  advanced, 
aad  a  ratio  developed  te  express  acteal  tire  load* 
lag  ia  relation  to  the  suggested  optima,  la  the 
years  since,  this  ratio  has  base  called  tha  "Tilisad 
Mobility  Factor." 
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?er  rurp cj#§  tv.*  cc»rl*t*  s^r 

t*  r??r«x^2i  tad  hf  tU*  fcr  i£4U*t»  rrr : 

x  i  '^c  t  c  fiy  r-f  •  finale  laid«Hf  iatlcn 
cJtair.+rJ  fjr  ic*n:*.<u2a t lea  of  l>.s  t<;u£ti  vn» 

Z\y*n  hr  fcllund  (*fcic4  #r*  b»sic  to  til  of  t>* 


Mt  *  ICO 


•  i]  (ixi-!.i; 


1.6  dr^.»»bu*% 

dr  •  ricais*  L  n«  4ia«*t«r  ()*), 


For  •  aoMlitf  indtx  of  ICO,  tN#  cptiftua  tirt  2o*d- 
iof  (at  a  corresponding  inflation)  is  giv-?*  If' 


■•n 

•> 


-  1.6 


j t,  1 .  ** 


(in*i.:> 


NUGP  -  3  2(-f) 


£jl>»  .  »j 


(111*1.3) 


For  comentlooally  proportioned  tire*  (b/d  •  0.23 
-  0.30;  dr/i  •  O.S  »  0,41  the  opt  i  sue  KUCP  reduces 


HUGP  ••  0.4 34  d0*1*  (t  i.S») 


(111*1.4) 


Note  thrt  risple  diaeasiooal  reakcaiag  would 
>u;itit  that  a  Ixmi^y  of  siailar  tires  would  bssv 
siailar  perf omsc*  ia  bcno;*neous  scad  terrain  if 
KUC?  were  proportional  to  d,  sad  ia  hoaogenaous 
clay  terraia  if  Kl’GP  wen*  constant. 

Over  a  nodett  rsu^e  of  lcadlcs*  chore  cad 
below  the  cptistts,  the  Efcluad  Mobility  Factor  is 
approximately  the  rstio  (la  percent)  of  th« 
optlcua  ffXP  to  the  actual.  A  mobility  iadex  of 
leaa  then  ICO  percent  represents  sa  orerlosded 
tire.  X.  C.  Zerr  has  ststed  (1554)  that,  for  powered 
- T%ee 1 9 .  valorc  of  the  Mobility  factor  "are  roasoa* 
ably  close  to  coaparatlre  actual  tractive 
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co#?f!ci*its  is  Cry  ir.i  *  .  *  ,  2»  rad  tit#  ac t  u*l 

trcctir*  coaffici^nt  /p^*ri  Co  Incraat#  at  # 
hi  £"*r  ritt  .  .  .  .  I  Y\r*  { “^4  cam  la  wad 
wbara  roptars  c;jit3  r»*i:n3li  as  a  fetal*  icr 

corr*!ati^f  ^rictiva  c:*f£;cicnt*'* 

To  put  tht  iklur.d  *‘,3il*tr  Factor  into  a  j;m 
ccarpsrjbla  with  t;t  indicts  ieralcrrd  la  follow;ut 
paregr^ns,  tt#  tarar*?  oi  tt#  fsctor  (t»  •  rit)3# 
rathar  than  la  p^tceat)  say  b#  ustd,  at  th#  trpoas# 
of  icm  of  th#  srstea  jiYiag 

m  •  -  bvc ?(JLJL)  (in-i.s) 

»  *  ♦  4  i  ' 

Tit#  valu#  of  thia  r*Yiiei  *cbiiity  factor  (^*f) 

with  irprored  por : crTtxK#  pottatitl,  *» 
do  all  of  tha  indie#*  fcllcwini. 

2.  *  v^S  $3  «►?»**  T^*:f’c?billty  Criteria 

la  auvnrizisf  thair  53*p«»s  traf fic*bilitr 
prodictio#  work  ia  fiaa-jraisad  toils,  *13  in  1356 
poblishad  two  siailtr  rs^rassien  aouiticas  —  «# 
for  ^hatlad  rehicla*  cud  cna  for  trtckad  YtnielJS  -  * 
for  cilcalatir:$  a  "mobility  izdtx*  from  waich, 
usinj  th#  cum  raproducad  Lor#  n  Fifur#  IIX-1,  th* 
toil  straajth  rtquirtd  by  a  jivrn  rahicl#  to  parmit 
it  to  «#1#  S3  paisas  ia  th#  sttt  rati  coaid  b# 
•Itisatod.  Th#  foil  itretstth  used  was  th#  "ritinj 
co##  in^ax*  (£CI)  dattraicad  by  th#  era#  pra#- 
ticca  tar  red  associated  procedural  {T1  L‘iC  S7, 

19S5}«  Th#  minira#  Yilua  of  ratinj  coa#  in  car 
raqairad  by  a  raiiclt  waa  ttroad  th#  "rtfcic!a  coaa 
i ad#!*  (Y€X)«  Th#  atebilitr  iad#x  Muatic#  for 
wfc##led  Yahiclti,  which  will  b#  oa#d  fcara,  Us  si#:# 
Wat  oodifiad  1#  bIbot  errs  a  auabar  of  ti##s* 

Th#  lottat  pehllftod  rarsiem  [YKEA,  IMS]  *#T 
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*  f  x  r 

•  t 

VJG?  •  th#  ar«ra;»  NUG?  coaiiitri^i 

®f  tht  $roi»  tt>  b*  •  .iriiltd 

•  Toaly  «!*oa|  ail  tire*  (pal) 

*t  •  number  of  lira* 

a  •  number  of  whtal*  (*i ajla  or 
dual) 

GC  •  jreund  clearance  (in) 
and  •  a  weijht  factor 

■  O.S  if  CY*  <  2033  pound* 

•  0.1  tf  2300  <  CVW  <  4999 

•  1.0  If  5000  <CV»  « 9999 

-  1.2  if  10,000  < GYV  <19,299 

•  1.6  If  20,000  «  GVW  <34,039 

•  2.0  if  35,000  < GVW  <49,399 

C  •  l.CS  if  chain*  ar#  fitted, 

•  1.00  otherwise 

f  -  1.0$  if  1IP/T  <  10,  i.OO  otber- 

*  visa 

f.  •  1.0$  if  mechanical  tran** 
mission,  1.00  if  hydraulic. 

Evaluatinf  thi«  aquation,  sad  t ran* 1* tin?  ‘ t  to 
VCI  raluas  via  Pifur*  111*1.  for  a  wide  ruj*  of 
standard  and  experimental  rehiclea  show  that  for 
practical  vehlcia  configuration* 

VCI  •  4  KCC?  ♦  14  (t  »  S)  (111*2.2) 
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5. 


l''',  tag  #-<4  lzi$it  a  a 

ia^or! cnt  cf  t 1  r^-t  t*it§  cf  v^ttiti 

Ytklcle*  ia  f;aid  «*:iJ  c^witir^i  ts  cc*f^c*;ta 
cviTmi  *hicJb  i.Nowtd  that  :  •  lie**#  jrtrforfttaca  rf 
%ix  atanjjrd  military  rtUcltf  ccilxriad  latta- 
factor*^  ♦5>«a  plotted  c*  tit  #-»tric  **,  mfctrt 


ud 


(111-3, i) 


C  •  tbi  trtri{«  |raJi#»t  er  •IcrHi  of 
tht  cjrrt  of  c-xst  tr«t i  r* 

rttijta^ca  {  c  r^i  •  rmriut 

ototh  cf  7*t9trat i?n  tit  tc? 
six  iov^at  of  taxi  (pai/ia) 

t  •  tbt  of  tit  «t«tic 

f  tirt  cjatict  rate*  tt  optrat:ag 
load  8i sd  i^fiatJoai  c*  a  h-trd 
surfact  (*a). 


Th#  f  it  Id  voTk  wit  dot#  wit*  tirta  of  casrttticnal 
font  st  that  at  ccnciuaicca  coold  bt  dranr*  aa  to 
th#  tffocts  of  tirt  prc^orticoa  (b/d)* 


A  eort  rtetat  ccaiol Idatic*  of  VZS  labortto rj 
data  fret  siaglt  tirt  taata  ia  dry  a«d  [Frti:*jp 
1?#S]  aucctufully  datoaxtratta  a  xvccud  fora  cf 
btxic  nuaaric  for  aaad: 


Gfc**»d**»i 


•  ►TJGPl  « 


\27b* 


-i - ) 


(/no.:) 


•bare  A  •  tha  rttia  of  r*-?ial  tiro  caflactica  at 
9>«rttl3]  i;*tf  sad  iaflatica  ca  a  uiri 
surface  clj  to  tirt  (tains  heijst. 


To  cosparo  tbe  two,  ooto  tbat 


t'  m  O.t  x  2/TT  *  l.i/IT  (III-3.:) 

«Wr*  I  •  radial  tir*  deflect  loo  aeasurod 
os  boioro  (la) 

•  0»k 

k  •  tiro  aactlco  kiitlt  (ia) 

•  K^b  fsr  a  fir**  aeries  of  tires. 


in-* 


•  • 


Also,  f  *>  r  t 1  #  tint  r  •  *  t  •  4  i-%  t '  a  fiald. 


Substituting  (l!X«3»4)  ia 
with  ( 1 11-3*2) 
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:  1 1  •  3. 1)  *sa  cotnpariag 


(mo,s) 


\*#  v 


la  oriir  to  o^Ula  «  ila^U  ^rfonutaca  li4tx 
fro*  eitJior  of  that#  numt lea,  co««id*r  tU  poiat 
at  *Mch  slop#  diabini  abilitr  or  dravbar  pull 
rmaiskt*,  Cottsidtr  alto  that  all  tiros  aro  to 
iaflattd  at  to  product  a  daflactios  a  •  t»2S,  vtlch 
it  a  practical  auxlwa  for  raliabla  tlcra«tpoa4 
oparatioa*  Fro*  tha  publishad  data,  tli  critical 


» 


4.  ~  "  t*  -  £  t  i  1  ♦  1 


1«  hit  1>M  Ju*wry  of  VtS  tiro  t«st  rmlt»v 
rfforro-4  to  ia  t^o  proc*4i*$  pirayrtp^f,  rroitag 
•  Ifo  ctftr*4  m  proliaiot xy  cczuoi i4* t ii?a  jf  t\o 
rosuits  of  ottr»»lro  ItVorotory  tuts  io  a  rt»clJ*4 
fat  claf  at  amrtl  itrtogth*  zm  a  o?4o  riftfo  of 
tiro  litti  *»4  ftHopot,  Aitkowgfc  ail  q*ot:ic«  ooro 
Mt  amr«4(  kit  yrtlisiaory  aaalfsas  »kooo4  tkat 
tko  sororal  facata  of  aiagla  tiro  porforrooro 

coila?to4  wall  oa  tko  katia  of  a  loao  msaoric  »  * 

c 

vkare 


J_  .  *»  .  i'_J _ \ 

’«  cTWi»-»  *  \CT*#,V 


(in-4.1) 


Tka  Talc*  of  *a  at  akick  4r««kir  poll  miikaf 

to  k«  ckoat  2.1  frea  vMck,  tallag  a  oaco 
■ore  n  4.2S,  the  critical  vtlaa  of  CT  may  bo 
solved  for  ead  used  tl  a  siaple  parforaaoce  lad  ax: 

cTcrtt  •  2. S  JTCCF  (111*4.2) 


S.  ***•»!  t  *  i  ^  rr  P^rat^r^at  Traff  1  cvM  1  Ity 

IXirinj  lJU-UH  aa  lniap-aadxo?  prograa  *« 
conducted  with  a  sober  ef  rtkiclti  ta  field  aoila 
la  crfir  to  extesd  tka  TES  SS-paia  tsafflcabllity 
caatact  credictloa  petkode  ia  fite-jraiaed  aalla 
ta  tka  predictica  of  first-pass  jo  or  eo-je 
trsfficaoliity  ia  tha  a aaa  sails  f 'mi,  194$}. 

Tka  coaclusioaa  ef  tkia  prallaiaary  work  vara  taat 
tka  araraga  ratiag  coaa  iaiaz  rapalrad  to  J«t 
permit  a  tiftfla,  straight,  anaccoUrated  past  ca 
laral  soil  (•  TCIj,  by  dsflaitios)  vaa  giraa  far 
efcaalad  vehiclaa  by 

TCI |  •  1  »TP  ♦  3  (21  J-’S.i) 

111*1 
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r  *  *  7 


»• 1 »  1  *  C! 7 y 


Cor r* 1 1 1 1 t ? i  *rd  ana J T5 • *  c£  liborat ory  ttsts 
V>  tk*e  iritis^  FV^S  on  w^atls  ia  clay  soils  lara 
feeaa  r^TorjtJ  tr  Uffeinanti  (I761J.  for  rectaacj**r 
««<tic*a  ri;;d  *^*eli,  sirlajt  (z)  *»t  fcu*4  to 
foil  tSa  ex:?rassioa  proposed  «irM«r  by  £r*ck«r 
(ISSS)  in  a  briaf  analytical  tfjdy  of  tU  prohW® 
la  tha  light  of  basic  plasticity  thtory: 


t  • 


(111*6,1) 


where  q  •  a  uni  for*  pro  store  our 
the  arc  of  contact  with 
tha  sell,  identified  with 
tha  surftct  atrip  load 
beenr*  capacity  of  the 
toil 


Lat  tiag 


m 

H»  *  *  * 


This  sa /  usefully  be  written 

i-feV 


(in*6,2) 


(in-6.i) 


Measured  rolling  resistance  (3)  w#s  found  to  cor- 
nlats  well  at  low  speeds  and  rp  to  linkages  of 
s/d  w  0,1  with  tha  corresponding  analytical 
expression  derircd  on  tha  assumption  that  tha 
rasistunca  is  da#  entirely  to  work  of  compression 
cm  the  soil: 


»  .  vj  /*t\a 

X  -  qto  -  cbd 


(III-&.4) 


Fiaally,  trtetio*,  aid*  „Zl  trwtiM, 
was  fouad  to  i|rn  rtomdblr  with  calculttloat 
fro*  th«  ticplo  analytical  nodal: 

t  *»c  STS  (b  ♦  it) 
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<d  .  u  /ii'M 

\* /i  \  **  /  J 


di;-4.s) 


mar*  c  •  toil  cc^atioa  (pti). 

L«tCla|  q  •  Ke  •  c  (III -*.*) 

whara  He  is  tLc  batrlaf  capacity  cccttant 
for  a  roujh  atrip  frotiaj,  a: tvawd  to  vary  fro* 

S.7  at  Tha  surfics  to  7.S  at  Jaap  » lakaj* 

(x/b  ►  2.56),  and  eauttia*  T  and  I,  critical  values 
of  cthatlca  for  which  resistance  exceeds  tracticn 
art  jlvan  by 

Ts,,  -  /it.*-*' 37TJ 

^  r - ^ - J  5  *cr»t.T  , 

r><.  ♦  /H.*.»U/b)] 

SKUGP  ~ - - -  (Ill-i.r, 

.  *Mo  * 

T5io  lower  Halt  it  of  no  practical  intarett  in  tha 
present  contaat  because,  in  auch  weak  tolls,  even 
though  traction  it  thaoratically  arailabla  tinea *a 
will  ba  excessive.  Tha  equations  indicate  that 
side  wall  traction  will  affactivaly  pravant  traction 
failura  la  relatively  narrow  waaala 


b  * 
J  s  X? 


(3.2S-0.1I,  invent* 

inf  on  r?e)  (II1-C..5) 


regardless  of  loading.*  In  this  cost,  a  siakaje 
critarion  cuts  control.  If,  to  ba  continent  with 
the  constraints  of  tho  analysis,  x/d  *  1/9  ba  taken 
arbitrarily  as  tha  upper  llait  of  allowable  linkage, 
than 


•Tfcio  m j  ««re  Ijr  bo  a  ruilt  of  iimpl!  fl  cot i oao 
u4«  la  tbo  ualytii  to  fooiXitoto  slepX*  ootfco- 
Mtlcal  trtftuiat. 
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critfn.o  far  tint*  fc*f'Sf 

U/4  rails*  abort  t :  C.li  {^p^rwiaf  cn  MCJ; 

i.t*,  for  all  nsr^l  tirt  *  ict$  In  v.d«, 

Not*  ;h*t  without  liit  wall  traction 

T  «  c:J  (-'-J  (ItS -». IS) 

la  this  cait#  trtcticn  f-nl-rt  i*  §'*wty«  ^osaib!*, 
will  ccatrol,  T>t  critical  raiuo  of  foil 
cohtfioo  la  *pp rcxiaate ly  cna-Kalf  tht  toort  Tii^ta: 


c  -  *  O.S  *t'G?  I111  •*•**) 

•rit ft 

For  us#  cs  indices,  ead  with  soee  Ion  In  theo* 
rstlcal  power,  equations  (IJI-6.7)  ud  (III  -4.9)  vi'1' 
bo  evaluated  for  »  arbitrary  value  oi  Nt  •  S.7: 


ITit, 7 


Kacr 


/  f  r."o . ; ;  v  T7  3) 


(HI  **.12} 


or,  for  o/4  <  0.25* 

Ccrlt.s  •  °*?54  ««» 


(111*0.13) 


7.  The  ILL  Soil  Valu*  System  and  Vehicle 

Use  of  the  ILL  soil  value  systea  acd  vehicle 
aodel  *.%  a  poteatial  ceslfn  tool  has  beta  dea&s* 
stratsd  a  cumber  of  tines  parrison  et  si.,  1*53, 
1919;  VHEA,  1965;  etc.).  The  Ul  soil  value  tyitas 
■ensures  tee  aets  of  soil  paraaeters,  oae  relatad  to 
sinloje  (X,  n,  ate.)  and  the  other  to  direct  shear 
reactions  (c,  f,  etc.),  asiaf  e  series  of  plate 
penetratica  rests  ar.d  •  norrally  loaded  annular  shear 
vaae,  respectively .  The  two  sets  cf  parawtera  cm 
treated  as  independent.  The  soil*vehicle  aodel  ha 
bees  developed  ia  several  decrees  ef  complexity  to 
iacorporcte  allowances  for  a  number  of  detailed 
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dr 
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of  irt  3 *r;#3f 

4  •  xp#ri»#nt tl'jr,  it  lx 

t#  for  prtxent  ^vrr cst*  to  itllixx  t~# 
tm«ltborit«d  »od#2.  For  1 1  ros  la  c  ixr  sui  tilt 
toils,  this  givtx 

*  •  fvucr  (iliiV^'Trrrr  an**.i) 

Tha  notion  resistance  arising  fron  toil  compaction 
(i.e.,  negiacting  "bul Idcxlng  resistance")  is 

Jl  •  H-  •  g**1  (111*7.2) 

•♦1 

Traction,  tssuning  adequate  tread  to  develop  soil* 
to-aoil  shear  failure,  is  assumed  to  be  given  by 

T  a*  cb  /Jx  ♦  *j  tan  «  (111*7,3) 

where  tan  a  •  enparant  angle  of  internal 
friction  of  tha  soil. 

Tha  soil  properties  at  which  8  •  T  ><7,  as  before, 
la  used  as  indices  of  Uniting  soft-soil  performance. 
By  fixing  values  for  n  •* ..  and  a  to  represent  classes 
of  soils,  it  is  possible  to  reduce  tha  problem  to 
that  of  finding  a  critical  snicua  value  of  tha  soil 
'insistency  p arapetsr  "I.”  Because  of  the  serarxl 
independent  variables  involved,  it  is  convenient  to 
devolop  expressioaa  for  **£  lt"  for  specific  tails. 
Consider  for  exaaple  a  sandy  loan:  n  •  O.S, 
c  •  0 .54,  tan  4  •  0.31.  The  assignneat  of  "a"  *ir»> 


t  m  0*4  d»*»  v,-’cy 


(III -7.4) 


Thus,  oa  a  linkage  basis,  arbitrarily  tafc  ng 
x/d  •  0.3  as  the  practical  siaksge  Hut: 
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Th«  lilt  two  eqjaticns  t?jttner  giro 


crit.? 


MIC? 


(, .  s_y 

\  SUC?/ 


(111*7.?} 


(111*7.1} 


Tfco  finkag*  criterion  will  gorom  for  all  case* 
•*cept  whaa  SXJC?  «  4. IS  psi* 

For  cla/  aoili,  usuae  n  •  0.S  and  tan  +  •  0. 
THen  z  and  R  are  as  before  (eq.  111-7,4  ui  111-7.6) 
and 

T  _  1,55  c 

W 


M'G?’'*5  u'.lV 


(III -7.5) 


Equating  P/3  (III -7.6)  and  T/K  (III-7.S),  th,  soil 
consistency  K  drops  out  snd  th,  .ini.ua  valu,  of 
cohesion  nay  b,  solved  for 


C  .  •  0.4  KUC? 
orit ,T 


(111-7.13) 


Th,  sinks-;,  criterion  is  th*  sum  as  for  th,  saaay 
loaa  (111-7. S).  In  ori,r  to  oittriiM  .her,  each 
criterion  governs,  assua,  that  «t  sinkag*  s/b  •  2. >6, 
p  •  7.S  c.  Then,  froa  th,  basic  defining  LU.  syst*. 
equation  p  •  Cza,  rvaaobaring  that  n  has  been  taken 
as  0.5, 
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(III-7.11) 


i  :  • 


i  i 


If  j 

I  j 

s.  i 


Vh#«  t*>*  prrcadure  la  rtpaated  for  ft  unifore,  f*t 
clay  is  which  a  «  0,  tift  analysis  bacsaes  identic al 
to  tha  I » Su£  taaijraia,  without  tide  va  J  :  truUia, 
ul  thft  critical  ralua  of  ccheaioa  it 


C  ..  „  •  O.SOO  x;g? 

crit ,? 

which  j 7T* m*  in  «n  casta. 


(in-7.::) 


I,  An  Atida 

In  soctioa  2  of  this  appendix,  the  WHS  aquatic* 
for  calculating  the  S0-paia  t rafflcabi lily  require¬ 
ments  of  wheeled  rahiclaa  in  fine-grained  aoila  was 
simplified,  at  tho  expense  of  a om  precision,  to 


VCIW  %  4  NUC?  ♦  14 


(iii*2.:) 


Similar  xistreatnent  of  tho  corresponding  aquatic* 
fo.'  trackad  rahiclaa  [tea  VKE A,  136SJ  latda  to  tha 
following  approxiaate  eqwtion  for  a  ranga  of 
existing  trackad  rahiclaa: 


VCIt  «•  4  HUG?  ♦  16 


(III**.!) 


Tho  preliminary  equation  for  the  rehicla  con#  iaiax 
of  whaolad  rahiclaa  required  to  percit  •  aiaglo 
pasa  is  giro*  in  taction  S  as 


VCI,  ml  KUCP  ♦  3 

*  t* 


(IU-S.1) 


Tha  corresponding  preliminary  aquatic*  for  trackad 
rahiclaa  fro*  tho  tea*  source  (VNS£,  196S)  is 


3  KUC?  ♦  6 


(111*8.2) 


Consider  now  a  trackad  and  a  wheeled  rehicla 
having  aqual  SO -pasa  traf flcabiilty  rtquireasat* 
(VCI)  according  to  aquations  111*2.2  and  111*1.1: 
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or  KwC?  -  ►VC*.  ♦  $.S  (III *1,2) 

Si&ilirlr,  f.r  ccual  45#  psaa  r*sair~«ata  (YCI|)f 
frra  e^uaci^*  IXI-S.l  r*4  XJI-1.2: 

WC7f  -  KV3>t  ♦  X  (111*1.4} 

Thua  it  *^*m  that  for  \%9  turn  basic  a aft 
crossing  asilitjr,  th#  nosunai  wait  |nui4  prossur* 
of  a  rtblclt  ca  tira  (m  dofiat*  la  111*9.1) 
n*7  to  O.S  to  1  pal  grtitsr  then  that  of  a  covparsblo 
tratlvd  rthiclt,  *a  noncall/  dofiaod. 
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